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1. NETWORK SUBSYSTEM

1.1 Overview

The TRANSIMS network representation provides access to detailed information about streets,
intersections, and signalsin aroad network. It forms a layer separating the other subsystems from
the actual network data tables so that the other subsystems do not need to access the data tables
directly or deal with the format and organization of the tables. Figure 1 shows the position of the
network subsystem within the TRANSIM S software architecture.

Application Analyst
Toolbox

System

Simplified Interim Low Fidelity Input Output

HCAD Planner Microsimulator Editor Visualizer
High-level subs ysy41\ /\ %
Populat'n Activity Goal Parallel CA i i .
Synth. Generator Router Measur. Toolbox Microsim. GIS Statistics Animation Plotting

Low-level subsystem
Estatblishment Traveler Activity Plan Network Vehicle Simulation
Representation Representation Representation Representation Representation Representation Output

— |

Database

Utility subsystem

Figurel: Location of the network subsystem in the TRANSIM S softwar e ar chitecture.

This subsystem allows the user to construct multiple subnetworks from the network database
tables. It includes road network objects such as nodes (intersections), links (road/street segments),
lanes, and traffic controls (signs and signals). Link attributes for the road network include such
characteristics as link type, length, directionality, speed limit, number of lanes, grade, and
intersection setbacks. Traffic controls may be either signs (stop and yield) or pre-timed signals.
Transit (e.g., bus and light rail) stops and stations may also be present.

1.2 Classes and Structures

The network subsystem has classes for constructing a road network from database tables and for
supplying information about the road network to clients. Figure 2 through Figure show the
relationships between the classes.
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Class diagram for the noderelated classes in the TRANSIMS network
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Figure 3: Class diagram for the link-related classes in the TRANSIMS network
representation subsystem (UML notation).
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Figure 4: Class diagram for the control-related classes in the TRANSIMS network
representation subsystem (UML notation).
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Figure 5: Class diagram for the location-related classes in the TRANSIMS network
representation subsystem (UML notation).
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Figure 6: Class diagram for the geography-related classes in the TRANSIMS network
representation subsystem (UML notation).

1.2.1 TNetAccessory

An accessory is where something happens along a link.

Public access:

enum EType {kPocket, kActivitylLocation, kParKking,
kTransit Stop, kDetector, kBarrier}

There are several types of accessories.

t ypedef vect or <TNet Accessory*> Col | ecti on
typedef Collection::iterator Collectionlterator
typedef Collection::const_iterator CollectionConstlterator

Type definitions.

TNet Accessor y(Net Accessoryld id, EType type)
Construct an accessory with the specified id and type.

virtual ~TNet Accessory()
Destroy the accessory.

i nline Net Accessoryld Getld() const
Return the id of the accessory.
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inline EType Get Type() const
Return the type of the accessory.

i nline TNet Locati on& Get Locati on()
i nline const TNetLocati on& GetLocation() const

Return the location of the accessory.

voi d SetLocation(const TNetLocati on& | ocati on)
Set the location of the accessory.

Private access:

TNet Accessory(const TNet Accessory&) {
Do not allow accessories to be copied.

TNet Accessory& oper at or=(const TNet Accessory&) {return
*t hi s;
Do not allow accessories to be assigned.

Net Accessoryld fld
Each accessory has a uniqueid.

EType f Type
Each accessory has a type.

TNet Locat i on* fLocation
Each accessory has a location.

1.2.2 TNetActivityLocation

An activity location is a source or sink of travelers along a link.

Public access:

t ypedef map<Net Accessoryld, TNetActivitylLocation*,
| ess<Net Accessoryl d> > Map
typedef Map::iterator Maplterator
typedef Map::const_iterator MapConstlterator
edef map<const string, REAL, |ess<string> > UserDataMp
t ypedef User Dat aMap::iterator UserDataMaplterator
t ypedef User Dat aMap: :const _iterator UserDat aMapConstlterat or

Type definitions.

TNet Acti vityLocati on( TNet Acti vityLocati onReader & r eader)
Construct the activity location from the specified reader.

i nli ne EVehType CetLayer() const
Return the modal “layer” on which the activity location lies.

i nl i ne const TGeoPoi nt & Get Geogr aphi cPosition() const
Return the geographic position of the activity location.
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Private access:

EVehType fLayer
Each activity location is associated with a layer.

TCGeoPoi nt fPosition
Each activity location has a geographic position.

Return the nodal “layer” on which the activity |ocation
lies. ne EVehType TNet Acti vitylLocation:: Get Layer ()
const ne EVehType TNet ActivitylLocation:: Get Layer ()
const return fLayer

Each activity location has a geographic position.

1.2.3 TNetActivityLocationReader

An activity location reader reads activity location values from the database.

Public access:

TNet Acti vityLocat i onReader ( TNet Reader & r eader)
Construct a parking reader for a given network.

voi d Get Next Record()
Get the next record in the table.

Net Accessoryld Getld() const
Return the id for the current accessory. A TNet | | | egal Val ue exceptionis
thrown if the data is not valid.

voi d CGet Locati on(NetLi nkl d& I'i nk, NetNodel d& node, REAL&

of fset) const
Return the location of the current accessory. A TNet I | | egal Val ue exceptionis
thrown if the data is not valid.

EVehType GetLayer () const
Return the layer of the current activty location. A TNet I | | egal Val ue
exception is thrown if the data is not valid.

TGeoPoi nt Get Geogr aphi cPosi ti on() const
Return the position of the current activity location. A TNet I | | egal Val ue
exception is thrown if the data is not valid.

string GetNotes() const
Return the notes.
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1.2.4 TNetBarrierReader

A barrier reader reads barrier values from the database.

Public access:

enum EStyl e {kCurb, kBarrier, kG adeSeparation, kStripe,
kTenpor ary}
There are several barrier styles.

TNet Bar ri er Reader ( TNet Reader & r eader)
Construct a barrier reader for a given network.

voi d Get Next Record()
Get the next record in the table.

Net Accessoryld Getld() const
Return the id for the current accessory. A TNet | | | egal Val ue exceptionis
thrown if the data is not valid.

voi d CGet Locati on(NetLi nkl d& I'ink, NetNodel d& node, REAL&
of fset) const

Return the location of the current accessory. A TNet I | | egal Val ue exception is
thrown if the dataiis not valid.

Net LaneNunber GCet Lane() const
Return the lane number to the left of the barrier. A TNet I | | egal Val ue
exception is thrown if the data is not valid.

EStyle Get Styl e() const
Return the style of the current barrier. A TNet I | | egal Val ue exceptionis
thrown if the data is not valid.

REAL Cet Lengt h() const
Return the length of the current barrier. A TNet | | | egal Val ue exceptionis
thrown if the data is not valid.

string GetNotes() const
Return the notes.
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1.2.5 TNetBasicReader
A basic reader is the base class for readers accessing values from the database.
Public access:

virtual ~TNet Basi cReader ()
Destroy a basic reader.

virtual void Reset()
Reset the iteration over thetable.

virtual void Get Next Record()
Get the next record in the table.

i nl i ne bool MreRecords() const
Return whether there are any more records in the table.

virtual string GetNotes() const =0
Return the notes.

Protected access:

TNet Basi cReader (const string& name, const string& table)

Construct areader for a given table.

void Reportll |l egal Val ue(const string& field, const string&

val ue) const

void Reportll |l egal Val ue(const string& field, int val ue)

const
Report anillegal valuein a datafield.

const string fNanme
Each reader has a file name.

FILE* fFile
Each reader has afile handle.

| ong fLength
Each file has a length.

bool f At End
Each file has an end indicator.
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1.2.6 TNetDetectorReader

A detector reader reads detector values from the database.

Public access:

enum EStyl e {kPresence, kPassage}
There are several detector styles.

TNet Det ect or Reader ( TNet Reader & r eader)
Construct a detector reader for a given network.

voi d Get Next Record()
Get the next record in the table.

Net Accessoryld Getld() const
Return the id for the current accessory. A TNet | | | egal Val ue exceptionis
thrown if the data is not valid.

voi d CGet Locati on(NetLi nkl d& I'ink, NetNodel d& node, REAL&
of fset) const

Return the location of the current accessory. A TNet I | | egal Val ue exception is
thrown if the dataiis not valid.

Net LaneNunber GCet Begi nLane() const
Return the lane number for the beginning of the detector. A TNet I | | egal Val ue
exception is thrown if the data is not valid.

Net LaneNunber Get EndLane() const
Return the lane number for the ending of the detector. A TNet I | | egal Val ue
exception is thrown if the data is not valid.

REAL Cet Lengt h() const
Return the length of the current detector. A TNet | | | egal Val ue exceptionis
thrown if the data is not valid.

EStyle Get Styl e() const
Return the style of the current detector. A TNet | | | egal Val ue exception is
thrown if the data is not valid.

Net Coor di nat or I dSet Get Coor di nat ors() const
Return the coordinators for the detector. A TNet | | | egal Val ue exception is
thrown if the data is not valid.

string GetNotes() const
Return the notes.
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1.2.7 TNetFactory

A network factory allocates and constructs new network objects.

Public access:

TNet Fact ory()
Construct afactory

virtual TNet Node* NewNode( TNet NodeReader & reader)
Return a new node from the specified reader.

virtual TNetLi nk* NewLi nk( TNet Li nkReader & reader)
Return a new link from the specified reader.

virtual TNet Pocket* NewPocket ( TNet Pocket Reader & reader)
Return a new pocket from the specified reader.

virtual TNet Par ki ng* NewPar ki ng( TNet Par ki ngReader & r eader)
Return a new parking place from the specified reader.

virtual TNet Transit St op*
NewTr ansi t St op( TNet Tr ansi t St opReader & r eader)

Return a new transit stop from the specified reader.

virtual TNetActivitylLocation*
NewAct i vi tyLocati on( TNet Acti vit yLocati onReader &
r eader)

Return a new activity location from the specified reader.

virtual TNet ProcessLi nk*
NewPr ocessLi nk( TNet ProcessLi nkReader & r eader)

Return a new process link from the specified reader.

virtual TNet UnsignalizedControl *
NewUnsi gnal i zedCont r ol ( TNet Unsi gnal i zedCont r ol Reader &
reader, TNet Net wor k& net wor k)

Return a new unsignalized control from the specified reader and for the specified
network.

virtual TNet Ti medControl *
NewTi medCont r ol ( TNet Si gnal i zedCont r ol Reader & r eader,
TNet Net wor k& net wor k)

Return a new timed control from the specified reader and for the specified
network.

virtual TNetlsol atedControl* New sol at edCont r ol ( Net Nodel d
i d)
Return a new isolated control for the specified node.
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virtual TNet Null Control* NewNul | Control ( TNet Node& node)
Return a new null control for the specified node.

i nline bool StoreNanes() const;
Return whether the link and transit stop names should be stored.

inline bool StoreTrafficControls() const;
Return whether the traffic controls should be stored.

inline bool StoreActivityUserData() const;
Return whether the activity location user data should be stored.

inline void SetStoreNanes(bool b);
Define whether the link and transit stop names should be stored.

inline void SetStoreTrafficControl s(bool b);
Define whether the traffic controls should be stored.

inline void SetStoreActivityUserData(bool b);
Define whether the activity location user data should be stored.

Private access:

bool f StoreNanes
Factory keeps track of whether to store link and transit stop names. Default is
false.

bool fStoreTrafficControls
Factory keeps track of whether to create and store traffic controls. Default is true.

bool fStoreActivityUserData
Factory keeps track of whether to store activity location user data. Default is false.

1.2.8 TGeoFilterFunction

A geographic filter function sdects geographic points. This abstract class must be subclassed to
be used.

Public access:

virtual bool operator()(const TGeoPoi nt& point) const = 0
Return whether a point is acceptable.
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1.2.9 TGeoFilterNone
This geographic filter accepts all points.
Public access:

TGeoFi | t er None()
Construct an instance.

TGeoFi | t er None(const TGeoFilterNone& filter)
Construct a copy of the given filter function.

TGeoFi | t er None& oper at or =(const TCeoFilterNone& filter)
Make thefilter a copy of the given filter function.

i nl i ne bool operator()(const TGeoPoi nt& point) const
Return whether a point is acceptable.

1.2.10 TGeoFilterRectangle

This geographic filter accepts all points within a rectangle.

Public access:

TGeoFi | t er Rect angl e(const TCGeoRect angl e& rect angl e)
Construct arectangular filter for the given rectangle.

TGeoFi | ter Rect angl e(const TCGeoFilterRectangl e& filter)
Construct a copy of the given filter function.

TGeoFi | t er Rect angl e& oper at or =(const TGeoFi | t er Rect angl e&
filter)
Make thefilter a copy of the given filter function.

i nl i ne bool operator()(const TGeoPoi nt& point) const
Return whether a point is acceptable.

Private access:

1.2.11 TGeoRectangle fRectangle

Each rectangular filter has a rectangle.
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1.2.12 TNetlsolatedControl

An isolated signal requires no coordination. It defers to the signalized control for operations.

Public access:

TNet | sol at edControl ()
TNet | sol at edCont r ol ( Net Coordinatorld id )
TNet | sol at edControl (const TNetl sol at edControl & control)

Construct an isolated control.

~TNet | sol at edControl ()
Destroy an isolated control.

TNet | sol at edCont rol & oper at or =(const TNet | sol at edControl &
control)

Assign anisolated traffic contral.

i nline bool operator==(const TNetlsol atedControl & control)
const

i nline bool operator!=(const TNetlsol atedControl & control)
const

Return whether two isolated controls are the same.

voi d Updat eSi gnal i zedControl (REAL simtine)
Isolated control requires no coordination.

1.2.13 TNetLane

A laneis wheretraffic flows on alink.

Public access:

t ypedef vect or <TNet Lane*> Col | ection
typedef Collection::iterator Collectionlterator
typedef Collection::const_iterator CollectionConstlterator

Type definitions.

TNet Lane( TNet Li nk& | i nk, Net Nodel d node, NetLaneNunber
nunber)

Construct a lane on the specified link, starting at the specified node, and identified
by the specified number.

i nl i ne TNet Li nk& Get Li nk()
i nline const TNetLink& GetLink() const

Return the link on which thelanelies.

TNet Node& GCet St art Node()
const TNet Node& Cet St art Node() const

Return the starting node for the lane.
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TNet Node& Get EndNode()
const TNet Node& CGet EndNode() const

Return the ending node for the lane.

i nl i ne TNet Pocket:: Col |l ection& Get Pockets()
i nline const TNet Pocket:: Col |l ecti on& Get Pockets() const

Return the pockets on the lane.

const TNet Lane* CetLeft Adj acent Lane() const
Return the lane to the l€ft, if any.

const TNet Lane* Cet Ri ght Adj acent Lane() const
Return the lane to the right, if any.

i nl i ne Net LaneNumber Get Nunber () const
Return the number of the lane.

VehTypeSet & Get Vehi cl eTypes()
const VehTypeSet & Get Vehi cl eTypes() const

Return the vehicle types allowed on the lane. (All vehicle types allowed for the
link are also allowed for the laneif this set is empty.) Notethat it is preferableto
use the TNetLane::IsAllowed member function instead of this one whenever
possible.

bool [IsAl | owed( EvehType veh) const
Return whether a particular vehicle typeis alowed on the lane.

i nline bool IsHOV(int n) const
Return whether thelane is an HOV lane for the specified number of occupants.

inline void SetCccupant M n( U NT8 n)
Set the minimum number of occupants required to use the lane.

i nline U NT8 Get Cccupant M n() const
Return the minimum number of occupants required to use the lane.

inline static REAL Get Defaul tWdth()
Return the default lane width.

inline static void SetDefaultWdth(REAL w dt h)
Define the default lane width.

Private access:

TNet Lane(const TNet Lane*) {
Do not alow lanes to be copied.

TNet Lane& oper at or =(const TNetLane&) {return *this;
Do not alow lanes to be assigned.
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TNet Li nk* fLink
Each lane bdongs on a link.

Net Nodel d f Node
Each lane has a starting node.

Net LaneNunber f Nunber
Each lane has a number.

TNet Pocket : : Col | ecti on fPockets
Each lane has zero or more pockets.

VehTypeSet fVehicl eTypes
Each restricted lane has a set of vehicle types allowed to use the lane.

U NT8 f Cccupant M n
Each lane has a minimum occupancy for vehicles.

static REAL fgDefaultWdth
Default lane width.

1.2.14 TNetLaneConnectivityReader

This reader reads lane connectivity values from the database.

Public access:

TNet LaneConnecti vi t yReader ( TNet Reader & r eader)
Construct a lane connectivity reader for a given network.

voi d Get Next Record()
Get the next record in thetable.

Net Nodel d Get Node() const
Returntheid for thecurrent node. A TNet I | | egal Val ue exceptionis thrown
if the datais not valid.

Net Li nkl d Getlnlink() const
Returntheid for incoming link. A TNet | | | egal Val ue exception is thrown if
the data is not valid.

Net LaneNunber GCetlnl ane() const
Returntheid for incoming lane. A TNet I | | egal Val ue exception isthrown if
the data is not valid.

Net Li nkl d GetQutlink() const
Returntheid for outgoing link. A TNet | I | egal Val ue exception is thrown if
the data is not valid.
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Net LaneNunber Get Qutl ane() const
Returntheid for outgoing lane. A TNet I | | egal Val ue exception isthrown if
the data is not valid.

string GetNotes() const
Return the notes.

1.2.15 TNetLanelLocation

A location is a lane-specific point along a link.

Public access:

TNet LaneLocati on( TNet Lane& | ane, REAL of fset)
Construct a location along the lane, with the given offset from its end.

TNet LaneLocat i on( TNet Li nk& |i nk, TNet Node& node, REAL
of fset, NetLaneNunber n)

Construct a location along the link, with the given offset from its end node and in
the specified lane.

TNet LaneLocati on(const TNet LanelLocati on& | ocati on)
Construct a copy of the given location.

TNet LanelLocat i on& oper at or =(const TNet LanelLocati on&
| ocati on)

Make the location a copy of the given location.

i nline TNet Lane& Cet Lane()
i nline const TNet Lane& CGet Lane() const

Return the lane for the location.

TGeoPoi nt Get Geogr aphi cPosi ti on() const
Return the geographic position of the location.

i nline bool IsOnSpecificlLane() const
Return whether the location is lane-specific.

Private access:

TNet Lane* f Lane
Each lanelocation is on a lane.
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1.2.16 TNetLaneUseReader

A lane use reader reads lane use values from the database.

Public access:

enum ERestriction {kOnly, kRequired, kForbi dden}
There are several restriction types.

TNet LaneUseReader ( TNet Reader & r eader)
Construct alane use reader for a given network.

voi d Get Next Record()
Get the next record in thetable.

Net Li nkl d Get Li nk() const
Returnthelink id for thelink thelaneison. A TNet | I | egal Val ue exception
isthrown if the datais not valid.

Net Nodel d Get Node() const
Return the node toward which the laneisheaded. A TNet I | | egal Val ue
exception is thrown if the data is not valid.

Net LaneNunber GCet Lane() const
Return the lane number for the current lane. A TNet | | | egal Val ue exception
isthrown if the data is not valid.

VehTypeSet Cet Vehi cl eTypes() const
Return the vehicle types to which the restriction applies. A
TNet I I | egal Val ue exception isthrown if the data is not valid.

ERestriction GetRestriction() const
Return the lanerestriction indicator. A TNet | | | egal Val ue exceptionis
thrown if the data is not valid.

string GetNotes() const
Return the notes.

1.2.17 TNetLink

A link is the part of the network corresponding to an “edge"’ in graph theory. Each link has a
constant number of permanent lanes, but may have turn pocket lanes also. A link may have lanes
in both directions, or the lanes in opposite directions may be on separate links (in which case no
passing into oncoming lanes will be possible).
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Al'l ow TNet Li nkVehi cl eSpeeds access to Get Nodel ndex() iend
cl ass TNet Li nkVehi cl eSpeeds

A link is the part of the network corresponding to an "edge" in graph theory. Each
link has a constant number of permanent lanes, but may have turn pocket lanes
also. A link may have lanesin both directions, or the lanes in opposite “ directions
may be on separate links (in which case no passing into oncoming lanes will be
possible).

Public access:

enum EFuncti onal d ass {kFreeway, kExpressway, kPrimary,
kSecondary, kFrontage, kCollector, kLocal, kRanp,
kZonal , kQt her, kWal kway, kBi keway, kBusway,
kLi ght Rai |, kHeavyRail, kFerry}

There are several functional classes for alink.

t ypedef map<Net Li nkld, TNetLi nk*, |ess<NetLinkld> > Map
typedef Map::iterator Maplterator

typedef Map::const_iterator MapConstlterator

typedef ring< vector<TNetLink*> > Ring

typedef Ring::iterator Ringlterator

typedef Ring::const_iterator R ngConstlterator

t ypedef set <TNetLi nk*, TLess> Set

typedef Set::iterator Setlterator

typedef Set::const_iterator SetConstlterator

Type definitions.

TNet Li nk( TNet Li nkReader & r eader)
Construct alink using the reader.

TNet Li nk( Net Li nkl d id)
Construct a dummy link with the specified id.

virtual ~TNetLi nk()
Destroy alink.

inline NetLinkld Getld() const
Return theid of thelink.

i nline void Get Nodes( Net Nodel d& nodeA, Net Nodel d& nodeB)
const

i nline void Get Nodes( TNet Node* & nodeA, TNet Node* & nodeB)
const

i nline void Get Nodes(const TNet Node*& nodeA, const
TNet Node* & nodeB) const

Return the nodes at the ends of the link.

voi d Set Nodes( TNet Node* nodeA, TNet Node* nodeB)
Set the nodes at the ends of thelink.
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i nline TNet Accessory::Collection& Get Accessories()
i nline const TNet Accessory::Collection& Get Accessories()
const

Return the accessories on the link.

TNet Accessory: : Col | ecti on Get Accessori esTowar ds( const

TNet Node& node, TNet Accessory:: EType type) const
Return the accessories of the specified type on the side of thelink heading toward
the specified node. A TNet Not Found exception isthrown if the node is not at
one of thelink's ends.

i nline TNet Lane: : Col | ecti on& Get LanesFrom(const TNet Node&
node, bool pockets = fal se)

i nline const TNet Lane:: Col | ecti on& CGet LanesFron( const
TNet Node& node, bool pockets = fal se) const

Return the lanes going away from the specified node. The lanes are ordered from
the divider outward. Pockets are included optionally. A TNet Not Found
exception is thrown if the nodeis not at one of the link's ends.

i nline TNet Lane:: Col | ecti on& Get LanesTowar ds(const TNet Node&
node, bool pockets = fal se)

i nline const TNet Lane:: Col | ecti on& CGet LanesTowar ds( const
TNet Node& node, bool pockets = fal se) const

Return the lanes going toward the specified node. The lanes are ordered from the
divider outward. Pockets areincluded optionally. A TNet Not Found exceptioniis
thrown if the node is not at one of the link's ends.

i nl i ne REAL GetLength(bool setback = false) const
Return the length of thelink in meters. The length is measured from one node to
the other, unless setback distance subtraction is requested.

i nline REAL Get G adeTowar ds(const TNet Node& node) const
Return the percent grade of the link heading toward the given node, with uphill
being a positive number. A TNet Not Found exception is thrown if the nodeis not
at one of thelink's ends.

i nline REAL GCet Set back(const TNet Node& node) const
Return the setback distance in meters at the specified node. A TNet Not Found
exception is thrown if the nodeis not at one of the link's ends.

i nline REAL Get CapacityTowards(const TNet Node& node) const
Return the capacity in vehicles per hour for lanes heading toward the specified
node. A TNet Not Found exception is thrown if the node is not at one of thelink's
ends.

TNet Li nk& Get Thr oughLi nk(const TNet Node& node)
const TNet Li nk& Get Thr oughLi nk(const TNet Node& node) const

Return the through link at the given node on the current link. A TNet Not Found
exception is thrown if the nodeis not at one of the link's ends.
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i nl i ne REAL Get SpeedLi m t Towar ds(const TNet Node& node) const
Return the speed limit of the lanes heading toward the given node on the current
link. A TNet Not Found exception is thrown if the node is not at one of the
link's ends.

i nl i ne REAL GCet FreeFl owSpeedTowar ds(const TNet Node& node)
const

Return the free flow speed of the vehicles heading toward the given node on the
current link. A TNet Not Found exception is thrown if the nodeis not at one of
thelink's ends.

REAL Cet SpeedLi nmi t Towar ds(const TNet Node& node, EVehType
veh) const

Return the speed limit for a particular vehicle type heading toward the given node
onthecurrent link. A TNet Not Found exception is thrown if the nodeis not at
one of thelink's ends.

REAL Cet Fr eeFl owSpeedTowar ds(const TNet Node& node, EVehType
veh) const

Return the free flow speed for a particular vehicle type heading toward the given
node on the current link. A TNet Not Found exception is thrown if the nodeis not
at one of thelink's ends.

i nl i ne EFunctional O ass Get Functional O ass() const
Return the functional class for the link.

i nl i ne REAL Get Angl e(const TNet Node& node) const
Return the angle (in radians) of the link from the specified node. A
TNet Not Found exception is thrown if the node is not at one of the link's ends.

TNet Node& Get NodeBet ween( const TNet Li nk& |i nk) const
Return the node between the current link and the given link. A TNet Not Found
exception is thrown if the links are not adjacent.

TNet Li nk& Get Li nkFr omlur n(const TNet Node& node,
ENet Tur nLabel turn)

const TNet Li nk& Get Li nkFr omTur n( const TNet Node& node,
ENet Tur nLabel turn) const

Return the link for the specified turn. A TNet Not Found exception is thrown if
thereis no link for the specified turn.

ENet Tur nLabel Get Tur nFor Li nk(const TNet Li nk& |i nk) const
Return the turn number for the specified link. A TNet Not Found exceptionis
thrown if the specified link is not adjacent to this link.

ENet Tur nLabel Get Tur nFor Li nk(const TNet Li nk& |i nk, const
TNet Node& node) const

Return the turn number for the specified link at the specified node. A
TNet Not Found exception is thrown if the specified link is not adjacent to this
link.
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i nline NetColor GetColor() const
Return the color of thelink.

i nline VehTypeSet & Get Vehi cl eTypes()
i nl i ne const VehTypeSet & Get Vehi cl eTypes() const

Return the vehicle types allowed on the link.

i nline bool IsAll owed(EVehType veh) const
Return whether a particular vehicle typeis allowed on the link.

inline const string& Get Name() const
Return the name of thelink.

voi d Set Nanme(string nane)
Define the name of thelink.

i nl i ne TNet Li nkVehi cl eSpeeds* GCet Li nkVehi cl eSpeedsPtr ()
Return the TNetLinkVehicleSpeeds object pointer.

i nline void SetLinkVehi cl eSpeedsPtr ( TNet Li nkVehi cl eSpeeds*

p)
Define the TNetLinkVehicleSpeeds object pointer.

i nl i ne bool operator==(const TNetLink& |ink) const
Return whether the link has the sameid as the given link.

i nline bool operator!=(const TNetLink& |ink) const
Return whether the link has a different id from the given link.

Protected access:

size_t Get Nodel ndex(const TNet Node& node) const
Return the index of the given node.

Private access:

TNet Li nk(const TNet Li nk&) {
Do not alow links to be copied.

TNet Li nk& operator=(const TNetLink& {return *this;
Do not alow links to be assigned.

ENet Tur nLabel Get Tur nFor Li nk(const TNet Li nk& |ink, size_t
i Node) const

Return the turn number for the specified link at the specified node. A
TNet Not Found exception is thrown if the specified link is not adjacent to this
link.

Net Li nkld fld
Each link has a uniqueid.

TRANSIMS-LANL-1.0 — Software/Libraries—May 1999 Page 27
LA-UR — 99-2578



Net Nodel d f Nodel ds[ 2]
TNet Node* f Nodes][ 2]

Each link has nodes at its two ends.

TNet Accessory: : Col |l ection fAccessories
Each link has zero or more accessories.

TNet Lane: : Col | ecti on fLanes][ 2]
Each link has zero or more lanes on each side.

TNet Lane: : Col | ecti on f Per manent Lanes] 2]
Each link has zero or more permanent lanes on each side.

REAL fLength
Each link has a length.

REAL f G ade
Each link has a grade.

REAL f Set backs|[ 2]
Each link has sethack distances from the intersection.

REAL f Capacities[ 2]
Each link has capacities (vehicles/hour) in either direction.

Net Li nkl d f Thr oughLi nksJ[ 2]
Each link has through links at either end.

REAL f SpeedLi m ts[ 2]
Each link has speed limitsin either direction.

REAL f FreeSpeeds| 2]
Each link has free flow speed in ether direction.

EFuncti onal d ass f Functi onal d ass
Each link has a functional class.

REAL f Angl es[ 2]
Each link has an angle (in radians) from its endpoints.

Net Col or f Col or
Each link has a color.

VehTypeSet fVehicl eTypes
Each link has a set of vehicle types allowed to use thelink.

string* fName
Each link may have a name.
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TNet Li nkVehi cl eSpeeds* f Vehi cl eSpeeds
Each link has a pointer to a network object that contains the speed information
when speeds on the link differ by vehicle type.

static const string fNoNanme
Default name when nameis not defined.

1.2.18 TNetLinkReader

A link reader reads link values from the database.

Public access:

TNet Li nkReader ( TNet Reader & r eader)
Construct alink reader for a given network.

voi d Get Next Record()
Get the next link in thetable.

Net Li nkl d Getld() const
Returntheid for thecurrent link. A TNet I | | egal Val ue exceptionis thrown
if the datais not valid.

string Get Name() const
Return the name of thelink.

voi d Get Nodel ds( Net Nodel d& nodeA, Net Nodel d& nodeB) const
Return the node ids at the ends of the current link. A TNet I | | egal Val ue
exception is thrown if the data is not valid.

U NT8 Get Per manent LaneCount Towar ds( Net Nodel d i d) const
Return the number of permanent lanes heading toward the given node on the
current link. A TNet Not Found exception is thrown if the node is not at one of
thelink'sends. A TNet I | | egal Val ue exception isthrown if the data is not
valid.

U NT8 GCet Left Pocket LaneCount Towar ds( Net Nodel d i d) const
Return the number of left pocket lanes heading toward the given node on the
current link. A TNet Not Found exception is thrown if the node is not at one of
thelink'sends. A TNet I | | egal Val ue exception isthrown if the data is not
valid.

U NT8 Get Ri ght Pocket LaneCount Towar ds( Net Nodel d id) const
Return the number of right pocket lanes heading toward the given node on the
current link. A TNet Not Found exception is thrown if the node is not at one of
thelink'sends. A TNet I | | egal Val ue exception isthrown if the data is not
valid.
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bool HasTwoWaylLeft TurnLane() const
Return whether thereis a two-way left turn lane on the current link. A
TNet I | | egal Val ue exception isthrown if the data is not valid.

REAL Cet Lengt h() const
Return the length of the current link. A TNet 1| | egal Val ue exception isthrown
if the datais not valid.

REAL Cet GradeTowar ds( Net Nodel d i d) const

Return the percent grade of the lanes heading toward the given node on the current
link. A TNet Not Found exception is thrown if the node is not at one of thelink's
ends. A TNet | | | egal Val ue exceptionisthrown if the datais not valide.

REAL Cet Set backDi st ance( Net Nodel d i d) const

Return the setback distances at the given node on the current link. A

TNet Not Found exception is thrown if the nodeis not at one of thelink'sends. A
TNet I | | egal Val ue exception isthrown if the data is not valid.

Net Li nkl d Get Thr oughLi nk( Net Nodel d i d) const

Return the through link at the given node on the current link. A TNet Not Found
exception is thrown if the node is not at one of thelink's ends. A

TNet I | | egal Val ue exception isthrown if the data is not valid.

REAL Cet Capaci t yTowar ds( Net Nodel d i d) const

Return the capacity in vehicles-per-hour of the lanes heading toward the given
node on the current link. A TNet Not Found exception is thrown if the node is not
at oneof thelink'sends. A TNet I | | egal Val ue exception is thrown if the data
is not valid.

REAL Cet SpeedLi mi t Towar ds( Net Nodel d i d) const

Return the speed limit of the lanes heading toward the given node on the current
link. A TNet Not Found exception is thrown if the node is not at one of thelink's
ends. A TNet |11 egal Val ue exceptionisthrown if thedatais not valid.

REAL Cet Fr eeFl owSpeedTowar ds( Net Nodel d i d) const

Return the free-flow speed of the lanes heading toward the given node on the
current link. A TNet Not Found exception is thrown if the node is not at one of
thelink'sends. A TNet I | | egal Val ue exception isthrown if the data is not
valid.

TNet Li nk: : EFuncti onal d ass CGet Functi onal d ass() const
Return the functional classfor thelink. A TNet I | | egal Val ue exceptionis
thrown if the data is not valid.

Net Col or Get Col or () const
Return the color of thelink. A TNet I | | egal Val ue exception isthrown if the
datais not valid.
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VehTypeSet Cet Vehicl es() const
Return the vehicles allowed onthelink. A TNet I | | egal Val ue exceptionis
thrown if the data is not valid.

string GetNotes() const
Return the notes.

Private access:

voi d Reportlnval i dNode( Net Nodel d id) const
Report that an invalid node id has been passed as an argument.

1.2.19 TNetLinkVehicleSpeeds

On some links, the vehicle speeds and limits may vary by vehicle type. This auxilliary class
contains the per vehicle type speed information. VValues are normally retrieved through the Link
class which uses this class.

Public access:

typedef map<EVehType, REAL, |ess<EVehType> > VehSpeedMap
t ypedef VehSpeedMap: :iterator VehSpeedMaplterator
t ypedef VehSpeedMap: :const _iterator VehSpeedMapConstlterat or

Type definitions.

TNet Li nkVehi cl eSpeeds( TNet SpeedReader & reader, TNet Net wor k&
net wor k)

Construct link speeds using the reader.

~TNet Li nkVehi cl eSpeeds()
Destroy link speeds.

REAL Cet SpeedLi nmi t Towar ds(const TNet Node& node, EVehType
veh) const

Return the speed limit for a particular vehicle type heading toward the given node.

A TNetNodeNotFound exception is thrown if the node is not at one of the link's

ends.

REAL Cet Fr eeFl owSpeedTowar ds(const TNet Node& node, EVehType
veh) const

Return the free speed for a particular vehicle type heading toward the given node.
A TNetNodeNotFound exception is thrown if the node is not at one of the link's
ends.

voi d Set SpeedLi m t Towar ds(const TNet Node& node, EVehType
veh, REAL speed)

Define the speed limit for a particular vehicle type heading toward the given node.
A TNetNodeNotFound exception is thrown if the node is not at one of the link's
ends.
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voi d Set Fr eeFl owSpeedTowar ds(const TNet Node& node, EVehType
veh, REAL speed)

Define the free speed for a particular vehicle type heading toward the given node.
A TNetNodeNotFound exception is thrown if the node is not at one of the link's
ends.

Private access:

VehSpeedMap f VehSpeedLi mt s[ 2]
Each link may have speed limits per vehicle type.

VehSpeedMap f VehFreeSpeeds] 2]
Each link may have free speeds per vehicle type.

TNet Li nk* fLink
Object knows its associated link

1.2.20 TNetLocation

A locationis a point along alink.

Public access:

TNet Locat i on( TNet Li nk& |i nk, TNet Node& node, REAL offset)
Construct a location along the given node and link, with the given offset from the
node. The exception TNet Not Found is thrown if the nodeis not at one of the
link's ends.

TNet Locat i on(const TNet Locati on& | ocati on)
Construct a copy of the given location.

virtual ~TNetLocation() {
Destroy an instance.

TNet Locat i on& oper at or=(const TNet Locati on& | ocati on)
Make the location a copy of the given location.

i nl i ne TNet Li nk& Get Li nk()
i nline const TNetLink& GetLink() const

Return the link on which the location lies.

i nl i ne TNet Node& Get Node()
i nline const TNet Node& Get Node() const

Return the node toward which vehicles travd.

REAL Cet O f set Fron{const TNet Node& node) const
Return the distance from the given endpoint of thelink. The exception
TNet Not Found is thrown if the nodeis not at one of the link's ends.
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virtual TGeoPoi nt Get Geographi cPosition() const
Return the geographic position of the location.

inline virtual bool |sOnSpecificlLane() const
Return whether the location is lane-specific.

Private access:

voi d Reportlnval i dNode( Net Nodel d id) const
Report that an invalid node id has been passed as an argument.

TNet Li nk* fLink
Each location is on a link.

TNet Node* f Node
Each location is measured from the node toward which vehicles travel. The value
of fNode thus specifies the side of the link that the location is on.

REAL f O f set
Each location is specified as an offset rdative to fNode.

1.2.21 TNetNetwork

A network represents all of the network database that has been instantiated.

Public access:

TNet Net wor k()
Construct a network.

~TNet Net wor k()
Destroy a network.

i nl i ne TNet Node: : Map& Get Nodes()
i nl i ne const TNet Node: : Map& CGet Nodes() const

Return the set of nodes in the network.

i nl i ne TNet Li nk: : Map& Get Li nks()
i nline const TNetLi nk:: Map& Cet Li nks() const

Return the set of links in the network.

i nl i ne TNet Par ki ng: : Map& Get Par ki ngs()
i nline const TNet Parki ng: : Map& Get Par ki ngs() const
Return the set of parking places in the network.

inline TNet Transit St op:: Map& Get Transi t St ops()
inline const TNet Transit St op:: Map& Get Transi t St ops() const

Return the set of transit stops in the network.
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inline TNet ActivitylLocation:: Map& Get ActivitylLocations()
inline const TNet ActivitylLocation:: Map&
Cet ActivitylLocations() const

Return the set of activity locations in the network.

i nl i ne TNet ProcessLi nk:: Map& Get ProcessLi nks()
i nline const TNet ProcessLi nk:: Map& Get ProcessLi nks() const

Return the set of virtual (process) links in the network.

i nl i ne TNet Si gnal Coor di nat or: : Map& Cet Si gnal Coor di nat or s()
i nline const TNet Si gnal Coordi nat or:: Map&
Cet Si gnal Coor di nat ors() const

Return the set of signal coordinators in the network.

Private access:

TNet Net wor k(const TNet Net wor k&) {
Do not allow networks to be copied.

TNet Net wor k& oper at or =(const TNet Networ k&) {return *this;
Do not alow networks to be assigned.

TNet Node: : Map f Nodes
Each network manages/owns the nodes it contains.

TNet Li nk: : Map fLinks
Each network manages/owns the links it contains.

TNet Par ki ng: : Map f Par ki ngs
Each network has a map for parking places.

TNet Transi t St op: : Map f Transi t St ops
Each network has a map for transit stops.

TNet Acti vityLocation:: Map fActivitylLocations
Each network has a map for activity locations.

TNet ProcessLi nk: : Map f ProcessLi nks
Each network has a map for process links,

TNet Si gnal Coor di nator:: Map f Coordi nators
Each network manages/owns the signal coordinators it contains.

1.2.22 TNetNode

A nodeis the part of the network corresponding to a“vertex” in graph theory. A node must be
present where the network branches and where the permanent number of lanes changes. (A node
may be present where neither of the af orementioned occurs, however.)
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Public access:

t ypedef map<Net Nodel d, TNet Node*, | ess<Net Nodel d> > Map
typedef Map::iterator Maplterator

t ypedef Map::const_iterator MapConstlterator

t ypedef set <TNet Node*, TLess> Set

typedef Set::iterator Setlterator

typedef Set::const_iterator SetConstlterator

Type definitions.

TNet Node( TNet NodeReader & r eader)
Construct a node using the reader.

TNet Node( Net Nodel d i d)
Construct a dummy node with the specified id.

virtual ~TNet Node()
Destroy a node.

i nline Net Nodeld Getld() const
Return the id of the node.

i nl i ne TGeoPoi nt & Get Geogr aphi cPosi tion()
i nline const TGeoPoi nt & Get Geogr aphi cPosition() const

Return the geographic position of the node.

i nline TNetLi nk:: Ri ng& Get Li nks()
i nline const TNetLink:: R ng& CGetLinks() const
Return the ring of links in order.

TNet Li nk& Get Li nk( Net Col or col or)
const TNet Li nk& Cet Li nk( Net Col or col or) const

Return the link of the specified color, if any. A TNet Not Found exception is
thrown if thereis no link of the specified color.

voi d AddLi nk( TNet Li nk* |i nk)
Add the specified link to thering of links.

inline TNetTrafficControl & Get TrafficControl ()
inline const TNetTrafficControl & GetTrafficControl () const

Return the traffic control for the node.

inline void SetTrafficControl (TNet TrafficControl *)
Define the traffic control for the node.

i nl i ne bool operator==(const TNet Node& node) const
Return whether the node has the sameid as the given node.

i nline bool operator!=(const TNet Node& node) const
Return whether the node has a different id from the given node.
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Private access:

TNet Node(const TNet Node&)
Do not allow nodes to be copied.

TNet Node& oper at or =(const TNet Node&) {return *this;
Do not allows nodes to be assigned.

Net Nodel d fld
Each node has a uniqueid.

TCGeoPoi nt fPosition
Each node has a geographic position.

TNet Li nk: : R ng fLinks
Each nodeis connected to links.

TNet Traf ficControl* fTrafficContr ol
Each node has an associated traffic control

1.2.23 TNetNodeLink

Node-link data type.

Public access:

t ypedef map<TNet NodeLi nk, NetLi nkld, |ess<TNetNodelLi nk> >
Li nkMap

typedef LinkMap::iterator LinkMaplterator

t ypedef LinkMap::const_iterator LinkMapConstlterator

Type defintions.

TNet NodeLi nk( Net Nodel d node, NetLinkld link) : fNode(node),
fLi nk(l'ink) {

Construct an instance.

Net Nodel d f Node
Each node-link combination has a nodeid.

Net Li nkl d f Li nk
Each node-link combination has alink id.

1.2.24 TNetNodeReader
A node reader reads node values from the database.
Public access:

TNet NodeReader ( TNet Reader & r eader)
Construct a node reader for a given network.
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voi d Get Next Record()
Get the next record in the table.

Net Nodel d Get1d() const
Returntheid for the current node. A TNet | | | egal Val ue exception isthrown if
the datais not valid.

TGeoPoi nt Get Geogr aphi cPosi ti on() const
Return the geographic position for the current node.

string GetNotes() const
Return the notes.

1.2.25 TNetNullControl

Null controls are used by nodes just outside the network boundary.

Public access:

TNet Nul | Control ()
TNet Nul | Cont r ol ( TNet Node& node)
TNet Nul | Cont rol (const TNet Nul | Control & control)

Construct a null traffic control.

~TNet Nul | Control ()
Destroy a null traffic contral.

TNet Nul | Cont rol & oper at or=(const TNet Nul | Control & control)
Assign anull traffic control.

i nl i ne bool operator==(const TNet Nul | Control & control) const
i nline bool operator!=(const TNet Nul | Control & control) const

Return whether two null controls are the same.

void Al | owedMovenent s( TNet Lane: : Col | ecti on& | anes, const
TNet Li nk& from i nk, const TNetLane& from ane, const
TNet Li nk& t ol i nk)
void Al |l owedMovenent s( TNet Lane: : Col | ecti on& | anes, const
TNet Li nk& from i nk, const TNetLink& tolink, const
TNet Lane& t ol ane)
void Al |l owedMovenent s( TNet Lane: : Col | ecti on& | anes, const
TNet Li nk& from ink, const TNetlLink& tolink, bool phase
= fal se)
void InterferingLanes(TNet Lane:: Col | ecti on& | anes, const
TNet Lane& from ane, const TNetLane& tol ane, bool phase

= fal se)

TNet Traf fi cControl :: ETraffi cContr ol

TNet Lane& | ane) const

Get Vehi cl eCont r ol (const

Provide definitions for pure virtual functions to throw exceptions.
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1.2.26 TNetParking

A parking placeis a source or sink of vehicles along a link.

Public access:

enum EStyl e {kParall el OnStreet, kHeadl nOnStreet,

kLot, kBoundary}
There are several styles of parking.

t ypedef map<Net Accessoryld, TNet Par ki ng*,
| ess<Net Accessoryl d> > Map
typedef Map::iterator Maplterator

t ypedef Map::const_iterator MapConstlterator

Type definitions.

TNet Par ki ng( TNet Par ki ngReader & r eader)
Construct the parking from the specified reader.

kDri veway,

TNet Par ki ng (Net Accessoryld, TNetlLink& TNet Node&, REAL

of fset, EStyle style, U NI32 capacity,

Construct a parking place with specified values.

inline EStyle GetStyle() const
Return the style of the parking.

inline U NT32 Get Capacity() const

generi c)

Return the capacity of the parking. A capacity of zero represents unlimited

capacity.

i nline bool IsCeneric() const
Return whether the parking is generic.

i nline VehTypeSet & Get Vehi cl eTypes()

i nl i ne const VehTypeSet & Get Vehi cl eTypes() const

Return the vehicle types allowed to park.

bool [IsAl I owed( EvehType veh) const

Return whether a particular vehicle typeis allowed to park.

static Net Accessoryld Generateld(const TNet Net wor k&,

Net Li nkl d)
Generate a unique parking placeid.

Private access:

EStyle fStyle
A parking place has a style.

U NT32 fCapacity
A parking place has a capacity.
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bool fGeneric
A parking place may be generic.

VehTypeSet fVehicl eTypes
A parking place has a set of vehicle types allowed to park there.

1.2.27 TNetParkingReader

A parking reader reads parking values from the database.

Public access:

TNet Par ki ngReader ( TNet Reader & r eader)
Construct a parking reader for a given network.

voi d Get Next Record()
Get the next record in the table.

Net Accessoryld Getld() const
Return the id for the current accessory. A TNet | | | egal Val ue exceptionis
thrown if the data is not valid.

voi d CGet Locati on(NetLi nkl d& I'i nk, NetNodel d& node, REAL&
of fset) const

Return the location of the current accessory. A TNet I | | egal Val ue exception is
thrown if the dataiis not valid.

TNet Parki ng: : EStyl e Get Styl e() const
Return the style of the current parking. A TNet | | | egal Val ue exceptionis
thrown if the data is not valid.

U NT16 Cet Capacity() const
Return the capacity of the current parking. A TNet | | | egal Val ue exceptionis
thrown if the dataiis not valid.

bool [sCGeneric() const
Return whether the current parking is generic. A TNet I | | egal Val ue exception
isthrown if the data is not valid.

VehTypeSet Cet Vehi cl eTypes() const
Return the vehicle types allowed in the parking. A TNet I | | egal Val ue
exception is thrown if the data is not valid.

string Get Notes() const
Return the notes.

1.2.28 TNetPhase

A phaseis a portion of atraffic signal cycle when the allowed movements are unchanged. A phase
is composed of intervals where the traffic displays are constant.
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Public access:

enum El nterval {kGeen, kYellow, kRed}
Each phase has three intervals.

typedef ring<vector<Elnterval> > Interval Ri ng
typedef Interval Ring::iterator Interval R nglterator
typedef Interval Ring::const_iterator

I nterval R ngConstlterator
t ypedef vect or <TNet Phase*> Col | ecti on
typedef Collection::iterator Collectionlterator
typedef Collection::const_iterator CollectionConstlterator
t ypedef vector <TNet Phase*> O deredCol | ection
typedef O deredCol |l ection::iterator

O deredCol | ectionlterator
typedef O deredCol |l ection::const_iterator

O deredCol | ecti onConstIterator

Type definitions.

TNet Phase()
TNet Phase( TNet PhaseDescri pti on& descri ption)
TNet Phase(const TNet Phase& phase)

Construct a phase.

~TNet Phase()
Destroy a phase.

TNet Phase& oper at or =(const TNet Phase& phase)
Assign a phase.

i nl i ne bool operator==(const TNet Phase&) const
i nl i ne bool operator!=(const TNet Phase&) const

Return whether two phases are the same.

i nl i ne TNet PhaseDescri pti on& Get PhaseDescri ption()
i nl i ne const TNet PhaseDescri pti on& Get PhaseDescri ption()
const

Return phase description associated with this phase.

i nl i ne TNet Phase:: Elnterval Getlnterval () const
Return current interval.

void Setlnterval (ElInterval interval)
Update signal interval.

i nl i ne TNet Phase: : Col | ecti on& Get Next Phases()
i nline const TNet Phase:: Col | ecti on& Get Next Phases() const

Return phases to which this phase can transition.

i nline void Set Next Phase( TNet Phase& phase)
Define the next phase.
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Private access:

IntervalRhng flntervals
Each phase has a sequence of intervals.

TNet PhaseDescri pti on* fPhaseDescription
Each phase has an associated phase description.

TNet Phase: : Col | ecti on f Next Phases
A phase has one or more next phases that it can transition to.

1.2.29 TNetPhaseDescription

A phase description specifies theinterval lengths and allowed movements and associated turn
protections during a phase.

Public access:

enum EProtection {kPermtted, kProtected,
kPerm ttedAfterStop}

Turn protections are a subset of ETrafficControl

t ypedef vect or <TNet PhaseDescri pti on*> Col | ection
typedef Collection::iterator Collectionlterator
typedef Collection::const_iterator CollectionConstlterator
t ypedef map<TNet Li nk*, EProtection, |ess<TNetLink*> >
Li nkPr ot ecti onMap
t ypedef LinkProtectionMap::iterator
Li nkPr ot ecti onMaplterat or
t ypedef LinkProtectionMap::const _iterator
Li nkPr ot ecti onMapConst | terator
t ypedef map<TNet Li nk*, LinkProtecti onMap*, |ess<TNetLi nk*> >
Li nkMovenent Map
t ypedef Li nkMovenent Map::iterator LinkMvenent Maplterator
t ypedef Li nkMovenent Map: :const _iterator
Li nkMovenent MapConst | t er at or

Type definitions.

TNet PhaseDescri pti on( Net PhaseNunber phase)
TNet PhaseDescri pti on(const TNet PhaseDescri pti on&
descri ption)

Construct a phasing plan description.

~TNet PhaseDescri pti on()
Destroy a phasing plan description.

TNet PhaseDescri pti on& operat or =(const TNet PhaseDescri pti on&
descri ption)

Assign a phasing plan description.
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i nl i ne bool operator==(const TNet PhaseDescri pti on&
descri ption) const

i nl i ne bool operator!=(const TNet PhaseDescri pti on&
descri ption) const

Return whether two phase descriptions are the same.

i nl i ne Net PhaseNunber Get PhaseNunber () const
Return the phase number.

i nline REAL Get GreenLengt h() const
Return the green interval length.

inline REAL Get M nGreenLengt h() const
Return the minimum green interval length.

i nli ne REAL Get MaxGreenLengt h() const
Return the maximum green interval length.

i nli ne REAL Get Ext GreenLengt h() const
Return the green extension interval length.

i nline REAL Cet Yel | owLengt h() const
Return the ydlow interval length.

i nl i ne REAL Get RedLength() const
Return the red clearance interval length.

i nli ne Li nkMovenent Map& Get Li nkMoverrent s()
i nline const LinkMyvenent Map& Get Li nkMovenent s() const

Return all link movements.

Li nkProt ecti onMap& Cet Li nkMovenent s(const TNet Li nk& |1 nk)
const LinkProtectionVap& CGetLi nkMovenent s(const TNet Li nk&
i nk) const

Return the link movements for the specified link.

void SetlLengths(REAL m n, REAL max, REAL ext, REAL yell ow,
REAL red)

Set theinterval lengths.

voi d Set Li nkMovenent s( TNet Li nk& i nlink, TNetLink& outlink,
TNet PhaseDescri ption:: EProtecti on protection)

Set link movements

Private access:

Net PhaseNunber f PhaseNunber
Phase number.
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union { REAL fM nG eenLength
REAL f GreenLength

}

Minimum green interval length, or green interval length for fixed time.

REAL f MaxG eenLengt h
Maximum green interval length, undefined for fixed time.

REAL f Ext G eenLengt h
Greeninterval extension increment, equals zero for fixed time.

REAL f Yel | owLengt h
Yelow interval length.

REAL f RedLength
Red clearance interval length.

Li nkMovenent Map fLi nkMovenent s
M ovements allowed during this phase.

static LinkProtectionMap fNull
static LinkProtectionMap fNull

Null map is returned when no link movement binding exists.

Return whet her two phase descriptions are the sane. ne bool
TNet PhaseDescri pti on: : oper at or ==( const
TNet PhaseDescri ption& p) const const return (this ==
&p)

REAL fWalkLength; REAL fWalkLength; Flashing don't walk interval length.

REAL fFDWLength; REAL fFDWLength; REAL fFDWLength; REAL
fFDWLength;

1.2.30 TNetPhasingPlan

A phasing plan is composed of a series of phase descriptions.

Public access:

typedef set <TNet Phasi ngPl an*, | ess<TNet Phasi ngPl an*> > Set
typedef Set::iterator Setlterator
typedef Set::const_iterator SetConstlterator
t ypedef map<Net PhaseG oup, Net PhaseNunber,
| ess<Net PhaseG oup> > G oupFi r st PhaseMap
t ypedef G oupFirstPhaseMap::iterator
G oupFi r st PhaseMapl t er at or
t ypedef G oupFirst PhaseMap:: const _iterator
& oupFi r st PhaseMapConst I t er at or

Type definitions.
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TNet Phasi ngPl an()
TNet Phasi ngPl an( Net Pl anl d i d)
TNet Phasi ngPl an( const TNet Phasi ngPl an& pl an)

Construct a phasing plan.

~TNet Phasi ngPl an()
Destroy a phasing plan.

TNet Phasi ngPl an& oper at or =(const TNet Phasi ngPl an& pl an)
Assign a phasing plan.

i nl i ne bool operator==(const TNet Phasi ngPl an& pl an) const
i nl i ne bool operator!=(const TNet Phasi ngPl an& pl an) const

Return whether two phasing plans are the same.

i nl i ne TNet PhaseDescription:: Collection&
CGet PhaseDescri ptions()

i nline const TNet PhaseDescription:: Collection&
Cet PhaseDescri ptions() const

Return this phasing plan.

TNet PhaseDescri pti on& Cr eat ePhaseDescri pti on( Net PhaseNunber
phase)
Create a phase description.

inline NetPlanld Getld() const
Return the plan id.

i nl i ne Net PhaseNunber Get FirstPhase(Net PhaseG oup group)
const

Return the first phase in the specified phase group.

i nl i ne TNet Phasi ngPl an: : G oupFi r st PhaseMap& Cet Fi r st Phases()
i nl i ne const TNet Phasi ngPl an: : G oupFi r st PhaseMap&
CGet Fi r st Phases() const

Return the map of first phases per group.

inline void SetFirstPhase(Net PhaseG oup group,
Net PhaseNunber phase)

Define thefirst phasefor a group.

Private access:

NetPl anld fld
Phasing plan has anid.

TNet PhaseDescri ption:: Coll ection fPhasingPl an
A phasing plan is a sequence of interval length descriptions, one for each phase.

G oupFi r st PhaseMap fFi rst Phases
A phasing plan has a first phase in each phase group.
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1.2.31 TNetPhasingPlanReader

This reader reads phasing plan values from the database.

Public access:

struct TRecord { Net Nodeld f Node

Net Pl anl d f Pl an

Net PhaseNunber fPhase

Net Li nkl d flnlink

Net Li nkl d fQutlink

TNet PhaseDescri ption:: EProtection fProtection

}

Phasing plan records can be cached.

typedef |ist<TRecord*> RecordCache

t ypedef RecordCache::iterator RecordCachelterator

t ypedef RecordCache::const _iterator RecordCacheConstlterator
Type definitions.

TNet Phasi ngPl anReader ( TNet Reader & r eader)
Construct a phasing plan reader for a given network.

voi d Get Next Record()
Get the next record in the table.

Net Nodel d Get Node() const
Returntheid for the current node. A TNet | | | egal Val ue exception isthrown if
the datais not valid.

Net Pl anl d Get Pl an() const
Returnthetiming planid. A TNet I | | egal Val ue exception isthrown if the data
is not valid.

Net PhaseNunber Get Phase() const
Return the phase number. A TNet I | | egal Val ue exception is thrown if the data
is not valid.

Net Li nkl d Getlnlink() const
Return theincoming link id. A TNet I | | egal Val ue exception isthrown if the
datais not valid.

Net Li nkl d GetQutlink() const
Return the outgoing link id. A TNet I | | egal Val ue exception isthrown if the
datais not valid.

TNet PhaseDescri ption:: EProtecti on GetProtection() const
Return the turn protection indicator. A TNet | | | egal Val ue exception isthrown
if the datais not valid.
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string Get Notes() const
Return the notes.

1.2.32 TNetPocket

A pocket is alength of lane intended for special uses such as buses and pulling out, vehicles
waliting for turns, vehicles accderating in order to merge, etc.

Public access:

enum EStyl e {kTurn, kPullout, kMerge}
There are several styles of pockets.

t ypedef vect or <TNet Pocket*> Col | ecti on

typedef Collection::iterator Collectionlterator
typedef Collection::const_iterator CollectionConstlterator

Type definitions.

TNet Pocket ( TNet Pocket Reader & r eader)
Construct the pocket accessory from the specified reader.

inline EStyle GetStyle() const
Return the style of the pocket.

inline REAL GetlLength() const
Return the length of the pocket.

TNet Lane& Get Lane()
const TNet Lane& Cet Lane() const

Return the lane for the pocket.

Private access:

EStyle fStyle
Each pocket has a style.

REAL fLength
Each pocket has a length.

1.2.33 TNetPocketReader

A pocket reader reads pocket values from the database.

Public access:

TNet Pocket Reader ( TNet Reader & r eader)
Construct a pocket reader for a given network.

voi d Get Next Record()
Get the next record in the table.

TRANSIMS-LANL-1.0 — Software/Libraries—May 1999 Page 46
LA-UR — 99-2578



Net Accessoryld Getld() const
Return the id for the current accessory. A TNet | | | egal Val ue exceptionis
thrown if the data is not valid.

voi d CGet Locati on(NetLi nkl d& I'ink, NetNodel d& node, REAL&
of fset) const

Return the location of the current accessory. A TNet I | | egal Val ue exception is
thrown if the dataiis not valid.

Net LaneNunber Get LaneNunber () const
Return the lane number of the current pocket. A TNet I | | egal Val ue exception
isthrown if the data is not valid.

TNet Pocket : : EStyl e Get Styl e() const
Return the style of the current pocket. A TNet | | | egal Val ue exceptionis
thrown if the data is not valid.

REAL CetLengt h() const
Return the length of the current pocket. A TNet | | | egal Val ue exceptionis
thrown if the data is not valid.

string GetNotes() const
Return the notes.

1.2.34 TGeoPoint

A geographic point contains the coordinates of a position on a map.

Public access:

TGeoPoi nt (REAL x = 0, REAL y = 0, REAL z = 0)
Construct a point with the given x-, y-, and z-coordinates.

TGeoPoi nt (const TGeoPoi nt & poi nt)
Construct a copy of the given point.

TGeoPoi nt & oper at or =(const TGeoPoi nt & poi nt)
Make the point a copy of the given point.

inline REAL GetX() const
Return the x-coordinate.

inline REAL GetY() const
Return the y-coordinate.

inline REAL GetZ() const
Return the z-coordinate.

REAL Cet Angl eTo(const TGeoPoi nt & poi nt) const
Return the angle to the specified point.
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Private access:

REAL f X
Each point has an x-coordinate.

REAL fY
Each point has a y-coordinate.

REAL fZ
Each point has a z-coordinate.

1.2.35 TNetProcessLink

Class for avirtual (process) link.

Public access:

typedef map<Net Li nkld, TNet ProcessLink*, | ess<NetLinkld> >
Map

typedef Map::iterator Maplterator

t ypedef Map::const_iterator MapConstlterator

Type definitions.

TNet Pr ocessLi nk( TNet ProcessLi nkReader & r eader)
Construct the virtual link from the specified reader.

inline NetLinkld Getld() const
Return the ID of the virtua link.

i nline TNet Accessory& Get FromAccessory()
i nline const TNet Accessory& Get FromAccessory() const

Return the “from” accessory.

i nline TNet Accessory& Get ToAccessory()
i nline const TNet Accessory& Get ToAccessory() const

Return the “to” accessory.

i nline REAL GetDel ay() const
Return the delay (in seconds) associated with traversing the link.

i nline REAL Get Cost () const
Return the cost (in arbitrary units) associated with traversing the link.

inline void SetAccessories(TNet Accessory& from
TNet Accessoryé& t o)

Set the“from” and “t0” accessories.

Private access:

Net Li nkld fld
Each process link hasan ID.
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TNet Accessory* fFrom
Each process link has a“from” accessory connection.

TNet Accessory* fTo
Each process link has a“to” accessory connection.

REAL f Del ay
Each process link has a dday.

REAL f Cost
Each process link has a cost.
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1.2.36 TNetProcessLinkReader

Class for reading virtual links from the database.

Public access:

TNet Pr ocessLi nkReader ( TNet Reader & r eader)
Construct avirtual link reader for a given network.

voi d Get Next Record()
Get the next record in the table.

Net Li nkl d Getld() const
Returntheid for the current link. A TNet I | | egal Val ue exception isthrown if
the datais not valid.

voi d Get FromAccessory(Net Accessoryl d& id,
TNet Accessory: : EType& type) const

Return the “from” accessory.

voi d CGet ToAccessory(Net Accessoryl d& i d,
TNet Accessory: : EType& type) const

Return the “to” accessory.

REAL Cet Del ay() const
Return the delay (in seconds) associated with traversing the link.

REAL Cet Cost () const
Return the cost (in arbitrary units) associated with traversing the link.

string GetNotes() const
Return the nodes.

1.2.37 TNetReader
A network reader reads a network from the database.
Public access:
enum ELevel {kBare = 0, kActivity = 1, kProcess = 2, kLane =

3, kControl = 4}
Levds of network construction:

Level
Tabl e Bare Activity Process Lane Control
Node X X X X X
Li nk X X X X X
Activity Location X X X X
Par ki ng X X X
Transit Stop X X X
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Process Link X
Pocket Lane

Lane Connectivity
Turn Prohibition
Lane Use

Speed

Barrier

Unsi gnal i zed Node
Si gnal i zed Node
Phasi ng Pl an
Timng Plan

Si gnal Coordi nat or
Det ect or

X X X X X X X

X X X X X X X X X X X X X

TNet Reader (const TConfi gurati on& configuration, ELevel |evel
= kControl)

Construct areader for the specified configuration.

TNet Reader (const string& nodeTabl e, const string& |inkTable,
const string& pocketlLaneTabl e, const string&
par ki ngTabl e, const string& | aneConnecti vityTabl e,
const string& unsignalizedNodeTabl e, const string&
si gnal i zedNodeTabl e, const string& phasi ngPl anTabl e,
const string& timngPl anTabl e, const string&
speedTabl e, const string& | aneUseTabl e, const string&
transit St opTabl e, const string&
si gnal Coor di nat or Tabl e, const string& detectorTabl e,
const string& turnProhibitionTable, const string&
barri erTabl e, const string& activitylLocationTabl e,
const string& processLi nkTabl e)

Construct areader for the specified tables.

TNet Reader (const TNet Reader & r eader)
Construct a copy of the specified reader.

TNet Reader & oper at or =(const TNet Reader & r eader)
Make the reader a copy of the specified reader.

static TNet Reader Cet Reader(const string& directory, const
string& node = “”, const string& link = *”, const
string& pocketlLane = “”, const string& parking = "7,
const string& | aneConnectivity = “", const string&
unsi gnal i zedNode = “”, const string& signalizedNode =
, const string& phasingPlan = “”, const string&
timngPlan = “”, const string& speed = “”, const
string& | aneUse = “”, const string& transitStop = “",
const string& signal Coordinator = “””, const string&
detector = *”, const string& turnProhibition = *",
const string& barrier = “", const string& activity =
“7, const string& process = “")

Return areader with the specified table names.
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i nline const string& Get NodeTabl e()
Return the node table.

i nline const string& GetLinkTabl e()
Return the link table.

i nline const string& GetPocketLaneTabl e()
Return the pocket lane table.

i nline const string& Get Parki ngTabl e()
Return the parking table.

i nline const string& GetlLaneConnectivityTabl e()
Return the lane connectivity table.

inline const string& GetUnsignalizedControl Tabl e()
Return the unsignalized control table.

i nline const string& GetSignalizedControl Tabl e()
Return the signalized control table.

i nline const string& GetPhasi ngPl anTabl e()
Return the phasing plan table.

inline const string& GetTim ngPl anTabl e()
Return the timing plan table.

i nline const string& Get SpeedTabl e()
Return the speed table.

i nline const string& GetlLaneUseTabl e()
Return the lane use table.

inline const string& GetTransitStopTable()
Return the transit stop table.

i nline const string& GetSi gnal Coordi nat or Tabl e()
Return the signal coordinator table.

i nline const string& GetDetectorTabl e()
Return the detector table.

i nline const string& Get TurnProhi bitionTabl e()
Return the turn prohibition table.

inline const string& GetBarrierTabl e()
Return the barrier table.

inline const string& GetActivitylLocationTabl e()
Return the activity location table.
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inline const string& GetProcessLi nkTabl e()
Return the process link table.

static const string kgDirectory
Configuration key for directory where the network files reside.

static const string kgNodeTabl e
Configuration key for node table name.

static const string kgLinkTabl e
Configuration key for link table name.

static const string kgPocket LaneTabl e
Configuration key for pocket lane table name.

static const string kgParki ngTabl e
Configuration key for parking table name.

static const string kgLaneConnectivityTabl e
Configuration key for lane connectivity table name.

static const string kgUnsignal i zedNodeTabl e
Configuration key for unsignalized node table name.

static const string kgSi gnali zedNodeTabl e
Configuration key for signalized node table name.

static const string kgPhasi ngPl anTabl e
Configuration key for phasing plan table name.

static const string kgTi m ngPl anTabl e
Configuration key for timing plan table name.

static const string kgSpeedTabl e
Configuration key for speed table name.

static const string kgLaneUseTabl e
Configuration key for lane use table name.

static const string kgTransitStopTable
Configuration key for transit stop table name.

static const string kgSi gnal Coordi nat or Tabl e
Configuration key for signal coordinator table name.

static const string kgDetectorTable
Configuration key for detector table name.

static const string kgTurnProhibitionTable
Configuration key for turn prohibition table name.
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static const string kgBarrierTabl e
Configuration key for barrier table name.

static const string kgActivitylLocationTabl e
Configuration key for activity location table.

static const string kgProcessLi nkTabl e
Configuration key for process link table.

Private access:

string fNodeTabl e
Each reader has a node table.

string fLinkTable
Each reader has alink table.

string fPocket LaneTabl e
Each reader has a pocket lane table.

string fParkingTable
Each reader has a parking table.

string flLaneConnectivityTable
Each reader has a lane connectivity table.

string fUnsignalizedControl Tabl e
Each reader has an unsignalized control table.

string fSignalizedControl Tabl e
Each reader has a signalized control table.

string fPhasingPl anTabl e
Each reader has a phasing plan table.

string fTimngPl anTabl e
Each reader has a timing plan table.

string fSpeedTabl e
Each reader has a speed table.

string flLaneUseTabl e
Each reader has alane use table.

string fTransitStopTabl e
Each reader has a transit stop table.

string fSignal CoordinatorTabl e
Each reader has a signal coordinator table.
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string fDetectorTabl e
Each reader has a detector table.

string fTurnProhibitionTable
Each reader has a turn prohibition table.

string fBarrierTable
Each reader has a barrier table.

string fActivitylLocationTable
Each reader has an activity location table.

string fProcessLi nkTabl e
Each reader has a process link table.

1.2.38 TGeoRectangle
A geographic rectangle is a rectangle in a map coordinate system.
Public access:
TGeoRect angl e(const TCGeoPoi nt & cornerl, const TGeoPoi nt &
cor ner 2)

Construct a rectangle with the given corners.

TGeoRect angl e(const TCGeoRect angl e& rect angl e)
Construct a copy of the given rectangle.

TGeoRect angl e& oper at or =(const TGeoRect angl e& rect angl e)
Make the rectangle a copy of the given rectangle.

i nline void GetCorners(TGeoPoi nt & cornerl, TCGeoPoint&
corner2) const

Return the corners.

i nl i ne bool Contains(const TGeoPoi nt & point) const
Return whether the rectangle contains the given point.

Private access:

TCGeoPoi nt fM ni mum
Each rectangle has a minimum corner.

TCGeoPoi nt f Maxi mum
Each rectangle has a maximum corner.
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1.2.39 TNetSignalCoordinator

A signal coordinator coordinates the operation of several traffic signals.

Public access:

t ypedef map<Net Coor di natorld, TNet Si gnal Coordi nat or*,
| ess<Net Coordi natorl d> > Map

typedef Map::iterator Maplterator

t ypedef Map::const_iterator MapConstlterator

Type definitions.

TNet Si gnal Coor di nat or ()

TNet Si gnal Coor di nat or ( Net Coordi natorld id)

TNet Si gnal Coor di nat or (const TNet Si gnal Coor di nat or &
coor di nat or)

Construct a signalized control coordinator.

virtual ~TNet Si gnal Coor di nat or ()
Destroy a coordinator.

virtual void UpdateSignalizedControl (REAL simtine) =0
Coordinate signal controls when necessary and then call the
UpdateSignalizedControl method for each of the controllers.

TNet Phasi ngPl an: : Set & Get Phasi ngPl ans()
const TNet Phasi ngPl an: : Set & Get Phasi ngPl ans() const

Return the coordinator's phasing plans.

TNet Phasi ngPl an& Cr eat ePhasi ngPl an( Net Nodel d node, Net Pl anld
phasi ng, const TNet Ti m ngPl anReader : : Recor dCache&
ti m ngRecordCache, const
TNet Phasi ngPl anReader : : Recor dCache&
phasi ngRecor dCache, TNet Net wor k& net wor k,
Net PhaseNumnber Map& nunber s)

Define the phasing plan.

TNet Phasi ngPl an& Get Phasi ngPl an(Net Pl anl d i d)
i nl i ne const TNet Phasi ngPl an& Get Phasi ngPl an(Net Pl anl d i d)
const

Return the phasing plan with specified id.

inline TNet SignalizedControl::Collection& GetControllers()
i nline const TNet SignalizedControl::Collection&
Get Controll ers() const

Return the signalized controls coordinated by this coordinator.

void SetController(TNet SignalizedControl & controller)
Define a controller.
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i nline Net Coordinatorld Getld() const
Return the coordinator's id.

Protected access:

TNet Si gnal Coor di nat or & oper at or =( const
TNet Si gnal Coor di nat or &)

Assign asignal coordinator.

Private access:

Net Coordi natorld fld
Each coordinator has a uniqueid.

TNet Si gnal i zedControl :: Col Il ection fControllers

A signalized control coordinator has a group of associated sensors. A signalized
control coordinator has a group of associated sensors. A signalized control
coordinator controls one or more signalized controllers.

TNet Phasi ngPl an: : Set f Phasi ngPl ans
A signalized control coordinator has a group of phasing plans that it can tdll its
controllers to use.

1.2.40 TNetSignalCoordinatorReader

This reader reads signal coordinator values from the database.

Public access:

TNet Si gnal Coor di nat or Reader ( TNet Reader & r eader)
Construct a signal coordinator reader for a given network.

voi d Get Next Record()
Get the next record in the table.

Net Coordi natorld Getld() const
Return the id for the coordinator. A TNet I | | egal Val ue exception is thrown if
the data is not valid.

string GetNotes() const
Return the notes.
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1.2.41 TNetSignalizedControl

A signalized control specifies the signal phases and phasing plan at a node.

Public access:

t ypedef vector <TNet Si gnal i zedControl *> Col | ecti on
typedef Collection::iterator Collectionlterator
typedef Collection::const_iterator CollectionConstlterator

Type definitions.

TNet Si gnal i zedControl ()

TNet Si gnal i zedCont r ol ( TNet Node& node)

TNet Si gnal i zedCont rol (const TNet Si gnal i zedControl & control)
Construct a signalized traffic control.

TNet Si gnal i zedCont r ol ( TNet Si gnal i zedCont r ol Reader & r eader,
TNet Net wor k& net wor k)

Construct a signalized traffic control using the reader.

virtual ~TNet SignalizedControl ()
Destroy a signalized traffic contral.

virtual void Al owedMovenent s( TNet Lane: : Col | ecti on& | anes,
const TNetLink& fromink, const TNetLane& from ane,
const TNet Li nk& tol i nk)

Return the lanes on next link to which transition from specified lane on this link
can be made. Return an empty collection if transition is not possible.

virtual void Al owedMovenent s( TNet Lane: : Col | ecti on& | anes,
const TNet Li nk& from ink, const TNetLink& tolink,
const TNet Lane& t ol ane)

Return the lanes on this link from which transition to specified lane on next link
can be made. Return an empty collection if transition is not possible.

virtual void Al owedMovenent s( TNet Lane: : Col | ecti on& | anes,
const TNetLink& fromink, const TNetLink& tolink, bool
phase = fal se)

Return the lanes ordered from median that may be used to transition from current
link to next link.

virtual void InterferingLanes(TNetLane:: Coll ection& | anes,
const TNet Lane& from ane, const TNet Lane& tol ane, bool
phase = fal se)

Return the lanes that must be examined for interference when transitioning from
current lane to next lane.

virtual TNetTrafficControl::ETrafficControl
CGet Vehi cl eControl (const TNet Lane&) const

Return the vehicle control signal for the specified lane.
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virtual void UpdateSignalizedControl (REAL simtine) =0
Update the traffic control state based on current simulation time.

i nline virtual TNet Phasi ngPl an& Get Phasi ngPl an()
inline virtual const TNet Phasi ngPl an& Get Phasi ngPl an() const

Return the current phasing plan.

inline virtual REAL CetPhasingPl anOfset() const
Return the current phasing plan offset.

inline virtual void SetPhasingPl an( TNet Phasi ngPl an& pl an)
Define the phasing plan.

inline virtual void SetPhasingPl anO fset (REAL of fset)
Define the phasing plan offset.

inline virtual TNet Si gnal Coordi nat or& Get Coordi nat or ()
inline virtual const TNet Si gnal Coordi nat or & Get Coor di nat or ()
const

Return the signalized control coordinator for this signal.

virtual void Set Coordi nator( TNet Si gnal Coor di nat or &
coor di nat or)

Define the signalized control coordinator for this signal.

virtual TNet Phase& Creat ePhase( TNet PhaseDescri pti on&
descri ption)

Create a phase.

inline virtual TNetPhase:: OrderedCol | ecti on& Get Phases()
inline virtual const TNet Phase:: OrderedCol | ecti on&
Cet Phases() const

Return the phases for this signal.

inline virtual TNet Phase& Cet Phase()
inline virtual const TNet Phase& CGet Phase() const

Return the current phase.

virtual void SetPhase(TNet Phase& phase)
Update the current phase.

inline virtual void InitPhase(TNet Phase& phase)
Initialize the signal to specified phase.

Protected access:

t ypedef set <TNet PhaseDescri ption:: EProtecti on,
| ess<TNet PhaseDescri ption:: EProt ecti on> >
Prot ecti onSet

Type definitions.
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TNet Si gnal i zedCont r ol & oper at or =( const
TNet Si gnal i zedCont r ol &)

Assign a signalized traffic control.

Private access:

TNet Phase: : Order edCol | ecti on fPhases
A signalized control has a sequence of phases.

TNet Phasi ngPl an* f Phasi ngPl an
A signalized controller has a phasing plan.

REAL f Phasi ngPl anCf f set
A signalized controller may have a non-zero phasing plan offset.

TNet Si gnal Coor di nat or* f Coor di nat or
A signalized controller knows its coordinator.

TNet Phase* f Current Phase
Current phase.

1.2.42 TNetSignalizedControlReader

This reader reads signalized control values from the database.

Public access:

enum EType {kTi med, kActuated}
There are several types.

TNet Si gnal i zedCont r ol Reader ( TNet Reader & r eader)
Construct a signalized control reader for a given network.

voi d Get Next Recor d()
Get the next record in the table.

Net Nodel d Get Node() const
Returntheid for the current node. A TNet | | | egal Val ue exception isthrown if
the data is not valid.

EType Get Type() const
Return thetype of thesignal. A TNet I | | egal Val ue exceptionisthrown if the
datais not valid.

Net Pl anl d Get Pl an() const
Returnthetiming planid. A TNet I | | egal Val ue exception isthrown if the data
is not valid.

REAL CGet OFfset() const
Return the offset for coordinated signals.
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Net Coor di nat or I d Get Coordi nat or () const
Return the coordinator id. A TNet I | | egal Val ue exception isthrown if the data
is not valid.

bool IsSingleR ng() const
Return the ring for actuated signals. A TNet I | | egal Val ue exceptionis/
thrown if the data is not valid.

bool 1sSingleEntry() const
Return the entry for dual ring actuated signals. A TNet | | | egal Val ue exception
isthrown if the data is not valid.

string GetNotes() const
Return the notes.

1.2.43 TNetSimulationArea

The simulation area describes the simulation region of interest.

Public access:

enum EType {kStudy, kBuffer}
Link type indicates whether thelink is in the buffer or study area.

typedef map<NetLi nkld, EType, |ess<NetLinkld> > LinkldMap
t ypedef LinkldMap::iterator LinkldMaplterator

t ypedef LinkldMap::const_iterator LinkldMVapConstlterator
typedef map<Net Nodel d, EType, | ess<Net Nodel d> > Nodel dMap
t ypedef Nodel dMap::iterator Nodel dvaplterator

t ypedef Nodel dMap:: const _iterator Nodel dvapConstlterator

Type definitions.

TNet Si mul ati onAr ea( TNet Si nul at i onAr eaReader & ar eaReader,
TNet Reader & r eader)
TNet Si mul ati onArea(const TNet Si nul ati onArea& area)

Construct a ssmulation area.

~TNet Si mul at i onArea()
Destroy a simulation area.

TNet Si mul at i onAr ea& oper at or =(const TNet Si mul ati onAr ea&
area)

Assign asimulation area.

i nl i ne bool operator==(const TNetSi mul ati onArea& area) const
i nl i ne bool operator!=(const TNetSi mul ati onArea& area) const

Return whether two simulation areas are the same.

i nline bool 1sInSinulationArea(NetLinkld id) const
Return whether alink isin the simulation area (study area + buffer).
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i nline bool 1slnStudyArea(NetLinkld id) const
Return whether alink isin the study area.

i nline bool IslnBufferArea(NetLinkld id) const
Return whether alink isin the simulation area buffer region.

i nline Linkldvap& Get Li nks()
i nline const LinkldMap& GetLinks() const

Return all links in ssimulation area.

i nl i ne bool 1sLinklnSinmul ati onArea(NetLinkld id) const
Return whether alink isin the simulation area (study area + buffer).

i nl i ne bool 1sLinklnStudyArea(NetLinkld id) const
Return whether alink isin the study area.

i nl i ne bool 1sLinklnBufferArea(NetLinkld id) const
Return whether alink isin the simulation area buffer region.

i nl i ne Nodel dMap& Get Nodes()
i nl i ne const Nodel dMap& Get Nodes() const

Return all nodes in smulation area.

i nl i ne bool 1sNodel nSinmul ati onArea(Net Nodeld id) const
Return whether a nodeisin the simulation area (study area + buffer).

i nl i ne bool 1sNodel nStudyArea(Net Nodeld id) const
Return whether a nodeisin the study area.

i nl i ne bool 1sNodel nBufferArea(Net Nodeld id) const
Return whether a nodeis in the simulation area buffer region.

Private access:

Li nkl dvap fLi nks
A simulation area is described by links and whether thelink is in the buffer portion
of the simulation area.

Nodel dvap f Nodes

All nodes at the ends of links in the simulation area arein the simulation area. A
nodeisin the study area if any of itslinks arein the study area, and in the buffer
area otherwise.
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1.2.44 TNetSimulationAreaLinkReader

A simulation area link reader reads link values from the database.

Public access:

TNet Si mul at i onAr ealLi nkReader ( TNet Si mul ati onAr eaReader &
r eader)

Construct a ssimulation area link reader.

voi d Get Next Recor d()
Get the next record in thetable.

Net Li nkl d Get Li nk() const
Returnthelink id. A TNet I | | egal Val ue exception isthrown if the datais not
valid.

bool IslnBufferArea() const
Return whether thelink isin the buffer area. A TNet I | | egal Val ue exceptionis
thrown if the data is not valid.

string GetNotes() const
Return the notes.

1.2.45 TNetSimulationAreaReader

A simulation area reader reads a simulation area from the database.

Public access:

TNet Si mul at i onAr eaReader (const TConfi gurati on&
configuration)

Construct areader for the specified configuration.

TNet Si mul at i onAr eaReader (const string& areaTabl e)
Construct areader for the specified tables.

const string& GetSimul ati onAreaTabl e()
Return the simulation area table.

TNet Si mul ati onArea: : Li nkl dMap CGet Li nks() const
Return the links in the simulation area.

static const string kgStudyArealLi nksTabl e
Configuration key for study area links table name.

TRANSIMS-LANL-1.0 — Software/Libraries—May 1999 Page 63
LA-UR — 99-2578



Private access:

string fSinulationAreaTabl e
Each reader has a simulation area table.

1.2.46 TNetSpeedReader

A speed reader reads speed values from the database.

Public access:

TNet SpeedReader ( TNet Reader & r eader)
Construct alink reader for a given network.

voi d Get Next Record()
Get the next record in the table.

Net Li nkl d Get Li nk() const
Returntheid for the current speed. A TNet I | | egal Val ue exception isthrown
if the datais not valid.

Net Nodel d Get Node() const
Return the node toward which lanes are headed. A TNet | | | egal Val ue
exception is thrown if the data is not valid.

REAL Cet SpeedLimt() const
Return the speed limit of thelanes. A TNet I | | egal Val ue exception isthrown
if the datais not valid.

REAL Cet Fr eeFl owSpeed() const
Return the free-flow speed of thelanes. A TNet I | | egal Val ue exceptionis
thrown if the data is not valid.

VehTypeSet Cet Vehi cl eTypes() const
Return the vehicle types to which speeds apply. A TNet I | | egal Val ue
exception is thrown if the data is not valid.

string GetNotes() const
Return the notes.

1.2.47 TNetSubnetwork

A subnetwork represents a subset of the instantiated network.

Public access:

TNet Subnet wor k( TNet Reader & r eader, TNet Net wor k& net wor k,
const TGeoFilterFunction& filter = TGeoFilterNone(),
TNet Fact ory& factory = fgDefaul t Factory)

Construct a subnetwork with geographic filtering using the reader.
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TNet Subnet wor k( TNet Reader & r eader, TNet Net wor k& net wor k,
Net Nodel dSet & nodesRequest ed, Net Li nkl dSet &
I i nksRequest ed, TNet Node: : Set & nodesPr ovi ded,
TNet Li nk: : Set & |i nksProvi ded, TNetFactory& factory =
f gDef aul t Fact ory)

Construct a subnetwork of specified nodes and links using the reader.

TNet Subnet wor k( TNet Reader & r eader, TNet Net wor k& net wor k,
TNet Si mul ati onArea& si mArea, TNet Node:: Set &
nodesProvi ded, TNetLink:: Set& |inksProvided,

TNet Fact ory& factory = fgDefaul t Factory)

Construct a subnetwork based on the specified simulation area.

i nl i ne TNet Node: : Set & Get Nodes()
i nline const TNet Node: : Set & Get Nodes() const

Return the set of nodes in the subnetwork.

i nline TNetLi nk:: Set & Get Li nks()
i nline const TNetLink:: Set& GetLinks() const

Return the set of links in the subnetwork.

i nl i ne TNet Net wor k& Get Net wor k()
i nl i ne const TNet Net wor k& Get Net wor k() const

Return the network.

Protected access:

voi d Creat eNodes( TNet Reader & TNet Fact ory&, Net Nodel dSet &)
Create the network nodes.

voi d Createli nks( TNet Reader & TNet Fact ory&, Net Li nkldSet &,
Net Li nkl dSet &)
Create the network links.

voi d CreateAccessori es(TNet Reader & TNet Fact oryg&,
Net Li nkl dSet &)
Create the network accessories.

void CreateTrafficControl s(TNet Reader & TNet Factoryé&,
Net Nodel dSet &)
Create the network traffic controls.

static TNet Factory fgDefault Factory
The default factory.

Private access:

TNet Subnet wor k( const TNet Subnet wor k&) : f Networ k(0){
Do not alow subnetworks to be copied.
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TNet Subnet wor k& oper at or =(const TNet Subnet wor k&) {return
*t hi s;
Do not alow subnetworks to be assigned.

TNet Net wor k* const f Networ k
Each subnetwork is part of a network.

TNet Node: : Set f Nodes
Each subnetwork has references to the nodes it contains.

TNet Li nk: : Set fLinks
Each subnetwork has references to thelinks it contains.

1.2.48 TNetTimedControl

A timed control specifies the performance of a pre-timed signal.

Public access:

typedef map<TNet Phase*, REAL, |ess<TNet Phase*> > PhaseEndMap
t ypedef PhaseEndMap: :iterator PhaseEndMaplterator

t ypedef PhaseEndMap::const _iterator PhaseEndMapConstlterat or
Type definitions.

TNet Ti medControl ()
TNet Ti medCont r ol ( TNet Node& node)
TNet Ti medCont rol (const TNet Ti medControl & control)

Construct a timed signalized traffic control.

TNet Ti medCont rol ( TNet Si gnal i zedCont r ol Reader & r eader,
TNet Net wor k& net wor k)

Construct a timed signalized traffic control using the reader.

~TNet Ti medContr ol ()
Destroy a timed signalized traffic control.

TNet Ti medCont r ol & oper at or=(const TNet Ti medControl & control)
Assign atimed control.

i nl i ne bool operator==(const TNet Ti medControl & control)
const

i nline bool operator!=(const TNet Ti medControl & control)
const

Return whether two timed controls are the same.

virtual void UpdateSi gnalizedControl (REAL simtine)
Update the traffic control state according to algorithm for fixed time controllers.

virtual TNet Phase& Creat ePhase( TNet PhaseDescri pti on&
descri ption)

Create a phase.
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Private access:

REAL f Cycl eLength
Cyclelength.

PhaseEndMap f PhaseEnd
Times at which each phase ends.

1.2.49 TNetTimingPlanReader

This reader reads timing plan values from the database.

Public access:

struct TRecord { NetPlanld fPlan
Net PhaseNumber f Phase

Net PhaseNurnber Col | ecti on f Next
REAL fGreenM n

REAL f G eenMax

REAL f G eenExt

REAL fYell ow

REAL f Red

Net PhaseG oup f G oup

}

Timing plan records can be cached.

typedef |ist<TRecord*> RecordCache
t ypedef RecordCache::iterator RecordCachelterator
t ypedef RecordCache::const _iterator RecordCacheConstlterator

Type definitions.

TNet Ti mi ngPl anReader ( TNet Reader & r eader)
Construct a timing plan reader for a given network.

voi d Get Next Recor d()
Get the next record in the table.

Net Pl anl d Get Pl an() const
Returnthetiming planid. A TNet I | | egal Val ue exception isthrown if the data
is not valid.

Net PhaseNunber Get Phase() const
Return the phase number. A TNet I | | egal Val ue exception is thrown if the data
is not valid.

Net PhaseNunber Col | ecti on Get Next Phases() const
Return the phase numbers of the next phases. A TNet I | | egal Val ue exception
isthrown if the data is not valid.
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REAL Cet G eenM n() const
Return the minimum length of greeninterval. A TNet I | | egal Val ue exception
isthrown if the data is not valid.

REAL Cet G eenMax() const
Return the maximum length of greeninterval. A TNet | | | egal Val ue exception
isthrown if the data is not valid.

REAL Cet G eenExt () const
Return the length of green interval extension. A TNet | | | egal Val ue exception
isthrown if the data is not valid.

REAL Cet Yell om) const
Return the length of yellow interval. A TNet I | | egal Val ue exception is thrown
if the datais not valid.

REAL Cet Redd ear () const
Return the length of red clearanceinterval. A TNet I | | egal Val ue exception is
thrown if the data is not valid.

Net PhaseG oup Get G oupFirst() const
Return the phase group for which this phaseis thefirst phase. A
TNet I | | egal Val ue exception isthrown if the data is not valid.

string GetNotes() const
Return the notes.

1.2.50 TNetTrafficControl

A traffic control is associated with each node. Thetraffic control specifies how lanes are
connected across the node and the type of sign or signalized control that determines who has the
right-of-way.

Public access:

t ypedef map<TNet Lane*, TNetLane:: Col | ection, |ess<TNetlLane*>
> ConnectivityMap

t ypedef ConnectivityMap::iterator ConnectivityMplterator

t ypedef ConnectivityMap::const_iterator
Connecti vi t yMapConst 1t er at or

Type definitions.

enum ETrafficControl {kNone, kStop, kYield, kWit, kCaution,
kPermtted, kProtected, kPermttedAfterStop}

Vehicle signs and signals indicate right of way for movements.
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TNet Traf fi cControl ()
TNet Tr af fi cCont r ol ( TNet Node& node)
TNet Traf fi cControl (const TNet TrafficControl & control)

Pedestrian signals display a walk indicator enum EPedestrianControl { ... }; enum
EPedestrianControl { ... }; Construct a traffic control .

virtual ~TNetTrafficControl ()
Destroy atraffic contral.

virtual void Al owedMvenents (TNetLane:: Col |l ecti on& | anes,
const TNetLink& fromink, const TNetLane& from ane,
const TNet Li nk& t ol i nk)

Return the lanes on next link to which transition from specified lane on this link
can be made. Return an empty collection if transition is not possible.

virtual void Al owedMvenents (TNetLane:: Col |l ecti on& | anes,
const TNet Li nk& from ink, const TNetLink& tolink,
const TNet Lane& t ol ane)

Return the lanes on this link from which transition to specified lane on next link
can be made. Return an empty collection if transition is not possible.

virtual void Al owedMvenents (TNetLane:: Col |l ecti on& | anes,
const TNetLink& fromink, const TNetLink& tolink, bool
phase = fal se)

Return the lanes ordered from median that may be used to transition from current
link to next link.

virtual void InterferinglLanes (TNetLane:: Collection& | anes,
const TNet Lane& from ane, const TNetLane& tol ane, bool
phase = fal se)

Return the lanes that must be examined for interference when transitioning from
current lane to next lane.

virtual ETrafficControl GCetVehicleControl (const TNetLane&
| ane) const =0

Return the vehicle control signal for the specified lane.

i nl i ne TNet Node& Get Node()
i nline const TNet Node& Get Node() const

Return the associated node.

voi d Set Connecti vity(TNet Lane& inl ane, TNetLane& outl ane)
Define the lane connectivity for the specified lane.

voi d Set Connectivity (TNet LaneConnecti vityReader & reader,
TNet Net wor k& net wor k)

Define the lane connectivity using the reader.
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i nline TNet Lane:: Col | ecti on& Get Connecti vity(const TNetLane&
| ane)

i nline const TNetLane:: Col | ecti on& Get Connecti vity(const
TNet Lane& | ane) const

Return the lane connectivity for the specified lane.

inline TNet TrafficControl::ConnectivityMap&
CGet Connectivity()

inline const TNet TrafficControl:: ConnectivityMap&
CGet Connectivity() const

Return the lane connectivity map.

Protected access:

TNet Traf fi cControl & operator=(const TNet TrafficControl &
control)

Assign atraffic contral.

Private access:

ConnectivityMap fLaneConnectivity
A traffic control contains a table that describes how lanes are connected across the
node.

TNet Node* f Node
Traffic control knows its associated node

1.2.51 TNetTransitStop

A transit stop is a place along a link where passengers board/alight transit vehicles.

Public access:

enum EStyl e {kStop, kStation, kYard}
There are several styles of transit stops.

t ypedef map<Net Accessoryld, TNet Transit St op*,
| ess<Net Accessoryl d> > Map

typedef Map::iterator Maplterator

typedef Map::const_iterator MapConstlterator

Type definitions.

TNet Tr ansi t St op( TNet Tr ansi t St opReader & r eader)
Construct the transit stop from the specified reader.

~TNet Tr ansi t St op()
Destroy the transit stop.

inline EStyle CGetStyle() const
Return the style of the transit stop.
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inline U NT16 CGet Capacity() const
Return the capacity of thetransit stop. A capacity of zero represents unlimited

capacity.

inline const string& Get Name() const
Return the name of the transit stop.

voi d Set Nanme(string nane)
Define the name of the transit stop.

i nline VehTypeSet & Get Vehi cl eTypes()
i nl i ne const VehTypeSet & Get Vehi cl eTypes() const

Return the vehicle types allowed to stop.

i nline bool IsAll owed(EVehType veh) const
Return whether a particular vehicletypeis allowed to stop.

Private access:

EStyle fStyle
A transit stop has a style.

U NT16 f Capacity
A transit stop has a vehicular capacity.

string* fName
A transit stop may have a name.

VehTypeSet fVehicl eTypes
A transit stop has a set of vehicle types allowed to stop there.

static const string fNoNane
Default name when nameis not defined.

1.2.52 TNetTransitStopReader

A transit stop reader reads transit stop values from the database.

Public access:

TNet Tr ansi t St opReader ( TNet Reader & r eader)
Construct atransit stop reader for a given network.

voi d Get Next Record()
Get the next record in the table.

Net Accessoryld Getld() const
Return the id for the current accessory. A TNet | | | egal Val ue exceptionis
thrown if the data is not valid.
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voi d CGetLocati on(NetLinkld& Iink, NetNodeld& node, REAL&
of fset) const

Return the location of the current accessory. A TNet I | | egal Val ue exception is
thrown if the dataiis not valid.

string Get Name() const
Return the name of the transit stop.

TNet Transit Stop: : EStyl e Get Styl e() const
Return the style of the current transit stop. A TNet I | | egal Val ue exceptionis
thrown if the data is not valid.

U NT16 Cet Capacity() const
Return the capacity of the current transit stop. A TNet | | | egal Val ue exception
isthrown if the data is not valid.

VehTypeSet Cet Vehi cl eTypes() const
Return the vehicle types allowed to stop. A TNet I | | egal Val ue exceptionis
thrown if the data is not valid.

string Get Notes() const
Return the notes.

1.2.53 TNetTurnProhibitionReader

This reader reads turn prohibition values from the database.

Public access:

TNet Tur nPr ohi bi ti onReader ( TNet Reader & r eader)
Construct a turn prohibition reader for a given network.

voi d Get Next Record()
Get the next record in the table.

Net Nodel d Get Node() const
Returntheid for the current node. A TNet | | | egal Val ue exception isthrown if
the data is not valid.

Net Li nkl d Getlnlink() const
Return theid for incoming link. A TNet I | | egal Val ue exceptionis thrown if
the data is not valid.

Net Li nkl d GetQutlink() const
Returntheid for outgoing link. A TNet I | | egal Val ue exceptionis thrown if
the data is not valid.

string Get Notes() const
Return the notes.
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1.2.54 TNetUnsignalizedControl

An unsignalized control specifies the sign control at a node.

Public access:

t ypedef map<TNet Li nk*, TNet TrafficControl :: ETrafficControl,
| ess<TNet Li nk*> > Si gnMap

typedef SignMap::iterator SignMaplterator

t ypedef SignMap::const_iterator SignMapConstlterator

Type definitions.

TNet Unsi gnal i zedCont r ol ()

TNet Unsi gnal i zedCont r ol ( TNet Node& node)

TNet Unsi gnal i zedCont r ol (const TNet Unsi gnal i zedControl &
control)

Construct an unsignalized traffic control.

TNet Unsi gnal i zedCont r ol ( TNet Unsi gnal i zedCont r ol Reader &
reader, TNet Net wor k& net wor k)

Construct an unsignalized traffic control using the reader.

~TNet Unsi gnal i zedCont r ol ()
Destroy an unsignalized traffic control.

TNet Unsi gnal i zedCont r ol & oper at or =( const
TNet Unsi gnal i zedControl & control)
Assign an unsignalized traffic control.

i nl i ne bool operator==(const TNet Unsi gnalizedControl &
control) const

i nl i ne bool operator!=(const TNet UnsignalizedControl &
control) const

Return whether two unsignalized controls are the same.

inline TNet TrafficControl:: ETrafficControl
CGet Vehi cl eControl (const TNet Lane& | ane) const

Return the vehicle control signal for the specified lane.

voi d Set Vehi cl eControl (TNet Unsi gnal i zedCont r ol Reader &
reader, TNet Net wor k& net wor k)

Define the vehicle control sign using the reader.

Private access:

Si gnMap f Signs
Some type of sign control is associated with each link attached to an unsignalized
intersection. Example values are stop, yied, and no control on thislink.
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1.2.55 TNetUnsignalizedControlReader

This reader reads unsignalized control values from the database.

Public access:

TNet Unsi gnal i zedCont r ol Reader ( TNet Reader & r eader)
Construct an unsignalized control reader for a given network.

voi d Get Next Record()
Get the next record in thetable.

Net Nodel d Get Node() const
Returntheid for the current node. A TNet | | | egal Val ue exception isthrown if
the datais not valid.

Net Li nkl d Getlnlink() const
Return theid for incoming link. A TNet I | | egal Val ue exceptionis thrown if
the datais not valid.

TNet TrafficControl :: ETraffi cControl GCetSign() const
Return the sign contral indication on incoming link. A TNet I | | egal Val ue
exception is thrown if the data is not valid.

string Get Notes() const
Return the notes.

1.2.56 TNetException

A network exception signals the failure of a member function.

TException
TMetException
TMetMotFound ThetlliegalValue
THNetCannotRead THetUndefined

Figure 7: Exception hierarchy for the TRANSIM S network subsystem (UML notation).
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TNet Excepti on(const string& nessage = “Network error.”)
Construct an exception with the specified message text.

TNet Excepti on(const TNet Excepti on& excepti on)
Construct a copy of the given exception.

TNet Except i on& oper at or =(const TNet Excepti on& excepti on)
Make the exception a copy of the given exception.

cl ass TNet Not Found
This exception is thrown when an attempt is made to access something that cannot
be found.

class TNet Il 1 egal Val ue
This exception is thrown when a database table contains an illegal value.

cl ass TNet Undefi nedCont r ol
This exception is thrown when an attempt is made to access the member functions
of a NullContral.

cl ass TNet Cannot Read
This exception is thrown when network data cannot be read from afile.

1.3 Implementation

1.3.1 C++ Libraries
The network subsystem uses the Standard C++ Library [Pl 95] (including the Standard Template

Library), the Standard C Library [Pl 92], and the POSIX Library [Ga 95b]. All of theselibraries
compile on awide variety of platforms (UNIX and otherwise).

1.3.2 Sources for Traffic Engineering Information

References [GHA 88], [ITE 85], [ITE], [MM 84], [Or 93], and [PP 93] provide an overview of
traffic engineering practice incorporated into the TRANSIM S network representation.

1.3.3 Data Table Formats

Seventeen data tables are required to describe a TRANSIM S format road network. The tables
must be in tab-delimited | SO text format where thefirst line of the tableis the header.

1.3.4 Limitations

1.3.4.1 Boundary Accessories

Boundary accessories have not been implemented for the IOC-2 version of the network
representation subsystem.
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1.4 Examples

1.4.1 Accessing Network Data via C++

The following example shows how to create a network from data tables and to retrieve the node
and link objects in the network:

/1 Open data directory.
const string directory =
“/ home/ tr ansi ns/ dat abase/”;

I/ Get the table nanes
char |ine[80];
cin.getline(line, 80);
const string nodeNane
cin.getline(line, 80);
const string linkName = |ine;
cin.getline(line, 80);

const string pocket Nanme = |ine;
cin.getline(line, 80);

const string parkingNane = |ine;
cin.getline(line, 80);

const string |aneNanme = |ine;
cin.getline(line, 80);

const string ucontrol Nane = |ine;
cin.getline(line, 80);

const string scontrol Nane = |ine;
cin.getline(line, 80);

const string phasi ngNane = |ine;
cin.getline(line, 80);

const string timngNanme = |ine;
cin.getline(line, 80);

const string speedNane = line;
cin.getline(line, 80);

const string useNanme = |ine;
cin.getline(line, 80);

const string transitNane = |ine;
cin.getline(line, 80);

const string coordNane = line;
cin.getline(line, 80);

const string detectorNane = |ine;
cin.getline(line, 80);

const string turnName = |ine;
cin.getline(line, 80);

const string barrierNane = |line;

i ne;

/1 Read network.

TNet Reader reader =
TNet Reader : : Get Reader (di rectory,
nodeNane, |inkNane,
pocket Nane, parki ngName, | aneNane,
ucont rol Narme, scontrol Name, phasi ngNane,
ti m ngNanme, speedNane, useNane,
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transi t Name, coordNane, detector Nane,
turnNane, barrierNane);
TNet Net wor k net wor k;
TNet Subnet wor k subnet wor k( r eader, networKk);
TNet Node: : Set & nodes = subnet wor k. Get Nodes() ;
TNet Li nk: : Set & i nks = subnetwor k. Get Li nks();

1.5 Future Work

Future work planned for the TRANSIM S network representation subsystem will focus on the
inclusion of more complicated traffic controls (actuated signals and signals coordinated over awide
area) and time-of-day variation in network properties.
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2. OUTPUT SUBSYSTEM

2.1 Overview

The output subsystem collects data from a running microsimulation, stores the data for future use,
and manages the subsequent retrieval of the data. It forms a layer separating the other subsystems
from the actual data files so that the other subsystems do not need to access the data files at the
physical levd or deal with the physical location and organization of thefiles. Figure 8 shows the
position of the simulation output subsystem within the TRANSIMS software architecture. This
subsystem only depends on the database subsystem (strongly) and the network subsystem (weakly)
and is not tied to the specific design used for the IOC-1 microsimulation; this opens the possibility
to reuseit in other TRANSIMS traffic simulations.

Application Analyst
Toolbox
System
Simplified Interim Low Fidelity Input Output
HCAD Planner Microsimulator Editor Visualizer
High-lev Isubsys}A /\ %\
Populat'’n Activity Goal Parallel CA . I .
Synth. Generator Router Measur. Toolbox Microsim. GIS Statistics Animation Plotting
Low-level subsystem
Estatblishment Traveler Activity Plan Network Vehicle Simulation
Representation Representation Representation Representation Representation Representation Output

Database

Utility subsystem

Figure 8: Location of the smulation output subsystem in the TRANSIMS software
architecture.

This subsystem also allows the user to specify what datais collected and retrieved, and to filter it
by space and time. Users can configure the subsystem to collect a wide variety of trajectory, event,
and summary data from the simulation. Figure 9 shows an example of how data collection can be
configured. The data can be accessed in binary format via a direct connection to the subsystem or
in a deimited-text format for off-line postprocessing.
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Figure 9: Example of how data collection can befiltered by space and by time.

The subsystem has been put to a wide variety of usesin the first TRANSIMS case study.
Evolution data was used for animating vehicle movement, making periodic snapshots of the traffic,
understanding the traffic behavior induced by CA (cellular automaton) microsimulation rules,
refining the driving logic, and deriving fundamental diagrams. Event data has helped to locate
problems with network data, driver logic, and plans, and to record the entry and exit times of
vehiclesin and out of the study area. Summary data provided a means to animate vehicle densities,
identify congestion and deadlocks, and replan trips using observed link travel times.

The collection occurs in a distributed manner such that the impact of the subsystem on the
microsimulation performance is minimized: Although the simulation output subsystem runs on
multiple computational nodes (CPNs) during data collection, it does not require any
communication between the CPNs. This leaves the full communication bandwidth available for
use by the simulation proper. Theretrieval, on the other hand, provides a unified view of the
distributed data by coordinating the retrieval of data from remote file systems. Figure 10
illustrates the dual uses of the subsystem.

CA
Microsimulation

data collection

Simulation
Output
Output :
Visualizer data retrieval
Figure 10: Dual uses of the simulation output subsystem.
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2.2 Design

2.2.1 Concepts

2.2.1.1 Types of Data Collection

The output subsystem currently can collect three types of data: evolution (trajectory) data, event
data, and summary data. Any number of each of these may be collected simultaneously in a
simulation.

Evolution data provides the most detailed information about how the state of the microsimulation
evolvesintime. Thevehicledatafor links consists of the location, velocity, and status of each
vehicle this provides a complete “trajectory” for each vehiclein the simulation. The vehicle data
for intersections consists of the location of the vehicle within the intersection buffer. Thetraffic
control data ssimply reports the current phase and allowed movements at the traffic contral.
Evolution data may be collected for each timestep; the data is not summarized (i.e, totaled or

averaged) in any way.

Event data supplies information on exceptional conditions of traveler status. Examples include
when atraveler becomes lost (unableto follow its plan), when the plan for atraveler isinvalid, and
when the traveler enters or exits the study area. Event data is collected only when an event occurs.

Summary data reports aggregate data about the simulation. Thelink travel time data consists of
counts of vehicles exiting links and means and variances of the vehicle traversal times for those
links. Link density data provides counts and mean velocities of vehicles in variably-sized boxes
that partition links. Summary data is sampled and reported periodically throughout the simulation.

2.2.1.2 Filtering

The simulation output subsystem has the capability to collect data on any subset of nodes and links
in the road network (Figure 9). It is also possibleto set the starting and ending times within which
data collection occurs (Figure 10). A user can also specify the frequency of reporting for evolution
and summary data and the sampling frequency (i.e., the frequency at which the data is observed)
for summary data. The space and timefiltering can be different for each type of data.

2.2.2 Classes

The simulation output subsystem has classes containing domain knowledge and classes forming a
domain-independent data management layer (Figure 11). Figure 12, Figure 13, and Figure 14
show the relationships between classes used for evolution, event, and summary data collection,
respectively; Figure 15 shows the relationships between classes used for data retrieval.
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Domain Knowledge Layer

Interface to Simulation Interface to Toolbox

Metadata Specification

Data Management Layer

Storage Technology

Data Export

Generic Data Filtering

Figure1l: Categoriesof classesin the TRANSIM S simulation output subsystem.

TOutSignalizedControlObserver TOutSignalCoordinatorEvolutionObserver
1 -
1 TOutlntersectionObserver
I
TOutLinkEvolutionObserver TOutVehicleObserver
1
1

TOutNodeEvolutionObserver

1
171
1
TOutEvolutionProcessor 1v 3| ToutStorage ToutObserver
\ A
ToutRecord 1
i 1 n
TOutDispatcher 5 TOutProcessor -
1
1 1
1 1
TOutFactory TOutGeneralSpecification TOutGeneralSpecificationReader TOutSpecificationReader

Figure 12: Class diagram for the TRANSIM S smulation output subsystem classes involved
in evolution data collection(unified notation).
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TOutVehicleObserver

1
1
TOutEventProcessor | 1 1| ToOutStorage ToutObserver
\ 1
TOutRecord }
TOutDispatcher 1 ”: TOutProcessor
1 1
1 1
TOutFactory TOutGeneralSpecification TOutGeneralSpecificationReader TOutSpecificationReader

Figure 13: Class diagram for the TRANSIM S smulation output subsystem classes involved
in event data collection (unified notation).

TOutLinkSpaceObserver TOutLinkTimeObserver
n
n
1 1
TOutSummaryProcessor | 1 2| ToutStorage TOutObserver
\ A
TOutRecord 1

TOutDispatcher 1 N | TOutProcessor
1 1
1 1
TOutFactory TOutGeneralSpecification TOutGeneralSpecificationReader TOutSpecificationReader

Figure 14: Class diagram for the TRANSIM S smulation output subsystem classes involved
in summary data collection (unified notation).
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Figure 15: Class diagram for the TRANSIM S smulation output subsystem classes involved
in dataretrieval (unified notation).

2.2.2.1 TOutDispatcher

An output dispatcher coordinates the construction of simulation output objects and
supervisesthetransfer of data.

Public access:

t ypedef map<TQut Processor*, TOQut Goserver*,
| ess<TQut Processor*> > Map
typedef Map::iterator Maplterator
t ypedef Map::const_iterator MapConstlterator

Type definitions.

TQut Di spat cher (const TConfi gurati on& config, TQutFactory&
factory)

Construct an output dispatcher.

~TQut Di spat cher ()
Destroy an output dispatcher.

bool operator==(const TQut Di spat cher & di spat cher) const
bool operator!=(const TCQut Di spat cher & di spatcher) const

Return whether two output dispatchers are the same.
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voi d RecordCQut put (REAL tinme, bool I|sLastTi neStep)
Begin output recording for this timestep.

bool Ter m nat eCut put (voi d)
Must be called after final FinishOutput, but before destruction

i nline TQut Processor:: Map& Get Processors()
i nline const TQut Processor:: Map& Get Processors() const

Return the processors.

i nline TQut Cbserver:: Map& CGet Cbservers()
i nline const TQut Cbserver:: Map& CGet Gbservers() const

Return the observers.

i nl i ne TQut Evol uti onProcessor:: Set & Get Evol uti onProcessors()
inline const TQut Evol uti onProcessor:: Set &
CGet Evol ut i onProcessors() const

Return the evolution processors.

i nl i ne TQut Event Processor:: Set & Get Event Processor s()
i nline const TQut Event Processor:: Set & Get Event Processors()
const

Return the event processors.

i nl i ne TQut Summar yProcessor: : Set & Get Sunmmar yPr ocessor s()
i nline const TQut Summar yProcessor:: Set &
CGet Sunmar yPr ocessor s() const

Return the summary processors.

voi d Set NodeCbser ver s( Map& observers)
Define the node observers.

voi d Set Li nkCbserver s( Map& obser vers)
Definethe link observers.

voi d Set Vehi cl eCbserver s(Map& observers)
Define the vehicle observers.

void Setlntersecti onCbhservers(Map& observers)
Define the intersection observers.

voi d Set Si gnal Coor di nat or Gbser ver s( Map& obser vers)
Define the signal coordinator observers.

voi d Set Si gnal i zedCont rol Gbserver s( Map& observers)
Define the signalized control observers.

voi d Set Travel er Observer s( Map& observers)
Definethe traveler observers.

TRANSIMS-LANL-1.0 — Software/Libraries—May 1999 Page 84
LA-UR — 99-2578



voi d Set Li nkSpaceCbserver s( Map& observers)
Define the link space observers.

voi d Set Li nkTi meCbser ver s( Map& observers)
Define the link time observers.

voi d Set Li nkVel oci t yQhserver s(Map& observers)
Define the link velocity observers.

voi d Set Li nkEner gyCbser ver s( Map& observers)
Definethe link energy observers.

voi d d earLi nkSpaceObser ver s( Map& observers)
Undefine the link space observers.

voi d d ear Li nkTi meCbser ver s( Map& observers)
Undefine the link time observers.

voi d d earLi nkVel oci t yQbserver s(Map& observers)
Undefine the link velocity observers.

voi d d earLi nkEner gyQhser ver s(Map& observers)
Undefine the link energy observers.

Private access:

TQut D spat cher (const TQut Di spat cher &) {
Do not alow dispatchers to be copied.

TCQut Di spat cher & oper at or =(const TCQut Di spatcher&) {return
*t hi s;
Do not alow dispatchers to be assigned.

TQut Processor: : Map f Processors
Each dispatcher has a processor map.

TQut Cbserver:: Map f Cbservers
Each dispatcher has an observer map.

TQut Evol uti onProcessor: : Set fEvol uti onProcessors
Each dispatcher has evolution processors.

TQut Event Processor: : Set f Event Processors
Each dispatcher has event processors.

TQut Summar yPr ocessor : : Set f Sunmar yProcessors
Each dispatcher has summary processors.

TQut Fact ory* fFactory
Each dispatcher remembers the factory it uses.
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2.2.2.2 TOutEventProcessor

An output event processor deals with conditions occuring in the simulation

Public access:

typedef set<TQutEvent Processor*, TOQutProcessor::TLess> Set
typedef Set::iterator Setlterator
typedef Set::const_iterator SetConstlterator

Type definitions.

TQut Event Processor (Qut Processorld id, const
TQut Gener al Specification& specification)

Construct an event processor.

virtual ~TQut Event Processor ()
Destroy an event processor

i nl i ne EProcessor Type Get Processor Type() const
Return the processor type.

virtual void RecordQutput(REAL tine, bool IsFinalTineStep)
Begin recording output for this timestep.

virtual void RecordTravel er()
Finish recording output for atraveler.

i nline TQut Cbserver & Get Travel er Cbserver ()
i nline const TQut Cbserver & Get Travel er Cbserver () const

Return the traveler observer.

inline void SetTravel er Cbserver ( TQut Gbserver & observer)
Definethe traveler observer.

TQut Processor: : StorageSet Get St orages()
Return the processor's storages.

Private access:

TQut Goserver* fTravel er Cbserver
An event processor has atraveler observer.

TQut St or age f Travel er St or age
An event processor is connected to a traveler storage.

TQut Record f Travel er Recor dCache
Cachefor unsuppressed fidds in traveler output record
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2.2.2.3 TOutEvolutionProcessor

An output evolution processor deals with evolving data such as that needed for animation,
waterfall plots, etc.

Public access:

t ypedef set<TQutEvol utionProcessor*, TQutProcessor:: TLess >
Set

typedef Set::iterator Setlterator

typedef Set::const_iterator SetConstlterator

Type definitions.

TQut Evol uti onProcessor (Qut Processorld, const
TQut Gener al Speci fi cati on&)

Construct an evolution processor .

virtual ~TQut Evol uti onProcessor ()
Destroy an evolution processor.

i nl i ne EProcessor Type Get Processor Type() const
Return the processor type.

virtual void RecordQutput(REAL tine, bool IsFinalTineStep)
Begin recording output for this timestep.

virtual void RecordNode()
Finish recording output for a node.

virtual void RecordLink()
Finish recording output for a link.

virtual void RecordVehicle()
Finish recording output for a vehicle.

virtual void Recordlntersection()
Finish recording output for an intersection.

virtual void RecordSi gnal Coordi nator ()
Finish recording output for a signal coordinator.

virtual void RecordSignalizedControl ()
Finish recording output for a signalized contral.

i nline TQut Cbserver & Get NodeQbser ver ()
i nline const TQut Cbserver & Get NodeChserver () const

Return the node observer.

i nline void Set Node(hser ver ( TQut Cbserver & observer)
Define the node observer.
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i nline TQut Cbserver & Get Li nkQobserver ()
i nline const TQut Cbserver & Get Li nkQoserver () const

Return the link observer.

inline void SetLinkQoserver (TCQut Cbserver & observer)
Definethe link observer.

i nline TQut Cbserver & Get Vehi cl eCoserver ()
i nline const TQut Cbserver & Get Vehi cl eCoserver () const

Return the vehicle observer.

inline void SetVehicl eChserver (TQut Cbserver & observer)
Define the vehicle observer.

i nline TQut Cbserver& GetlntersectionCbserver ()
inline const TQut Cbserver& GetlntersectionObserver() const

Return the intersection observer.

inline void SetlntersectionObserver(TQut Chserver & observer)
Define the intersection observer.

i nline TQut Cbserver & Get Si gnal Coor di nat or Cbser ver ()
i nline const TQut Cbserver & Get Si ghal Coor di nat or Cbser ver ()
const

Return the signal coordinator observer.

inline void SetSignal Coordi nat or Cbser ver ( TQut Cbser ver &
observer)

Define the signal coordinator observer.

i nline TQut Cbserver & Get Si gnal i zedCont r ol Cbser ver ()
i nline const TQut Cbserver& Get Si gnal i zedCont r ol Cbser ver ()
const

Return the signalized control observer.

inline void SetSignalizedControl Coserver (TQut Cbserver &
observer)

Define the signalized control observer.

TQut Processor: : StorageSet Get St orages()
Return the processor's storages.

Private access:

TQut Goserver* fNodeQoser ver
An evolution processor has a node observer.

TQut Goserver* fLinkQoserver
An evolution processor has a link observer.
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TQut Goserver* fVehi cl eCbserver
An evolution processor has a vehicle observer.

TQut Goserver* flntersectionCbserver
An evolution processor has an intersection observer.

TQut Cbserver* f Si gnal Coor di nat or Gbser ver
An evolution processor has a signal coordinator observer.

TQut Cbserver* f SignalizedControl Gbserver
An evolution processor has a signalized control observer.

TQut St or age f Vehi cl eSt or age
An evolution processor is connected to a vehicle storage.

TQut St orage flntersectionStorage
An evolution processor is connected to an intersection storage.

TQut St or age f Si gnal St or age
An evolution processor is connected to a signalized control storage.

TQut Record f Vehi cl eRecor dCache
Cachefor unsuppressed fidds in vehicle output record

TQut Record flntersecti onRecordCache
Cachefor unsuppressed fidds in intersection output record

TQut Record f Si gnal Recor dCache
Cachefor unsuppressed fidds in signal output record

2.2.2.4 TOutFactory

An output factory allocates and constructs new output objects.

Public access:

TQut Factory ()
Construct afactory.

virtual ~TQutFactory();
Destroy a factory.

virtual TCut Evol uti onProcessor*
NewEvol uti onProcessor (Qut Processorld id, const
TQut Gener al Specification& specification) =0

Return a new evolution processor from the specification.

virtual TQut Event Processor* NewEvent Processor (Qut Processorld
id, const TQut General Specification& specification) =0

Return a new event processor from the specification.
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vi rtual TQut SummaryProcessor *
NewSunmmar yPr ocessor ( Qut Processorld id, const
TQut Gener al Specification& specification) =0

Return a new summary processor from the specification.

virtual TQutLi nkEvol uti onCbserver*
NewLi nkEvol ut i onChser ver (Qut Goserverld id)

Return a new link evolution observer.

1
o

virtual TQut Vehi cl eCbserver*
NewVehi cl eCoserver (Qut Goserverld id) =0
Return a new vehicle observer.

virtual TQut NodeEvol uti onCbserver*
NewNodeEvol ut i onChser ver (Qut Goserverld id)

Return a new node evolution observer.

1
o

virtual TQutlntersecti onCbserver?*
Newl nt er secti onCbserver (Qut Cbserverld id) =0

Return a new intersection observer.

virtual TQut Si gnal Coor di nat or Evol uti onCbser ver *
NewSi gnal Coor di nat or Evol uti onCbser ver (Qut Cbserverld
id) =0

Return a new signal coordinator evolution observer.

virtual TQut Si gnalizedControl Cbserver*
NewSi gnal i zedCont r ol Cbserver (Qut Cbserverld id) = 0

Return a new signalized control observer.

virtual TQut Travel er Cbserver*
NewTr avel er Cbserver (Qut Cbserverld id) =0

Return a new traveler observer.

vi rtual TQutLi nkSpaceCbserver*
NewLi nkSpaceObserver (Qut Gbserverld id) =0

Return a new link space observer.

vi rtual TQutLi nkTi neCbser ver *
NewLi nkTi meCbserver (Qut Cbserverld id) = 0
Return a new link time observer.

virtual TQutLi nkVel ocityCbserver*
NewLi nkVel oci t yObser ver (Qut Cbserverld id, const
TQut H st ogr antpeci fi cati on& specification) = 0
Return a new link velocity observer.

vi rtual TQutLi nkEner gyCbserver *
NewLi nkEner gyChser ver (Qut Coserverld id, const
TQut H st ogr antpeci fi cati on& specification) = 0
Return a new link energy observer.
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2.2.2.5 TOutGeneralSpecification

The general specification defines the frequency and extent of data to be collected or retrieved in
both space and time.

Public access:

static const REAL kM nusinfinity
static const REAL kPluslnfinity

Time constants.

TQut Gener al Speci fication(const TConfiguration& config, ring
type, int index)
Construct a general specification from a configuration.

TQut Gener al Speci fi cation(const TQut Gener al Speci ficati on&
speci fication)
Construct a copy of the specified specification.

TQut Gener al Speci fi cati on& oper at or =(const
TQut Gener al Specification& specification)

M ake the specification a copy of the specified specification.

inline const string& GetRoot () const
Return the root for the specification.

inline const string& Get Name() const
Return the name for the specification.

i nline bool CollectForTi ne(REAL timnme) const
Return whether data should be collected for the specified time.

i nl i ne bool Sanpl eForTi me(REAL tine) const
Return whether data should be sampled at the specified time.

inline bool IsAtStartTi me(REAL tine) const
Return whether the specified timeis the start time.

i nl i ne REAL Get BoxLength() const
Return the box length.

i nl i ne bool Coll ectForPoint(const TGeoPoi nt & poi nt) const
Return whether data should be collected for the specified point in space.

i nl i ne bool Coll ect For Node( Net Nodel d i d) const
Return whether data should be collected for the specified node.

i nl i ne bool Coll ectForlLink(NetLinkld id) const
Return whether data should be collected for the specified link.
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i nline bool CollectForCoserver(TCQut Cbserver:: ECoserver Type
obs) const

Return whether data should be collected for the specified observer type.

inline const StringSet& Get Suppressed() const
Return the suppressed fidds.

bool CollectFilteredRecord(const TCQut Record& record) const
Return whether the record passes the valuefilters.

Private access:

Net Nodel dSet ReadNodes(const string path) const
Return the nodes in the specification.

Net Li nkl dSet ReadLi nks(const string path) const
Return the links in the specification.

StringSet ParseSuppressed(const string val ue) const
Return the suppressed fidds in the specification.

TQut Val ueFilter::Coll ection ParseFilters(const string val ue)
const

Return the filters in the specification.

TQut Gener al Speci fi cation:: H st ogranivap
Par seCbser ver Types(const string val ue, nst
TConfi guration& config, string index) const

Return the observer types in the specification.

string fRoot
Each specification has aroot.

string fNanme
Each specification has a name.

REAL fTi meM ni num
Each specification has a minumum time.

REAL f Ti meMaxi num
Each specification has a maximum time.

REAL fTi meStep
Each specification has a timestep.

REAL f Ti meSanpl e
Each specification has a time sample.

REAL f BoxLength
Each specification has a box length.
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TGeoRect angl e f Regi on
Each specification has a collection region.

Net Nodel dSet f Nodes
Each specification has a set of nodeids.

Net Li nkl dSet fLi nks
Each specification has a set of link ids.

StringSet fSuppressed
Each specification has a set of suppressed fidds.

TQut Val ueFilter::Collection fFilters
Each specification has a collection of filters for values.

H st ogranmvap f H st ograntpecs
Each specification has a map of histogram specifications.

2.2.2.6 TOutHistogram

A histogram records the number of occurences within intervals of the domain.

Public access:

TQut Hi st ogram()
Default histogram constructor.

TQut Hi st ogram(const TCQut Hi st ogr anBSpeci fi cati on& spec)
Construct a histogram with a specification.

TQut H st ogran(const TQut H st ogran& hi st ogram
Construct a copy of the specified histogram.

TQut H st ogr am& oper at or =(const TQut H st ogr an& hi st ogr am
Make the histogram a copy of the specified histogram.

Private access:

Return the histogram specification. ne const
TQut H st ogr antspeci fi cati on&
H st ogram : Get Hi st ogr antpeci fi cation() const
H st ogram : Get Hi st ogr anSpeci fi cation() const urn
*f Spec
Make the histogram a copy of the specified histogram.

TRANSIMS-LANL-1.0 — Software/Libraries—May 1999 Page 93
LA-UR — 99-2578



2.2.2.7 TOutHistogramSpecification
The histogram specification defines the parameters for a histogram.

Al l ow hi st ogram qui ck access to specification parameters.
i end class TQut H st ogram

The histogram specification defines the parameters for a histogram.

Public access:

TQut Hi st ogr antspeci fication(int bins, REAL maxi num REAL
m nimum = 0., ol underflow = fal se, bool overflow =
fal se)

Construct a histogram specification.

TQut Hi st ogr anspeci fi cati on(const TQut H st ogr antpeci fi cati on&
speci fication)
Construct a copy of the specified specification.

TQut Hi st ogr anspeci fi cati on& oper at or =( const
TQut Hi st ogr anspeci fi cati on& specification)

Make the specification a copy of the specified specification.

i ne int GetNunberBins() const
Return the number of bins.

Private access:
Return the nunber of bins. ne int
TQut H st ogr antpeci fi cati on:: Get Nunber Bi ns() const ne

i nt TQut Hi st ograntpeci fication:: Get Nunber Bi ns() const
return fNunberBins

Return the number of bins.

2.2.2.8 TOutIntersectionObserver

An intersection observer observes data related to intersections.
Public access:

TQut I ntersecti onCbserver (Qut Coserverld id)
Construct an intersection observer

virtual ~TQutlntersectionObserver()
Destroy an intersection observer.
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Protected access:

Define values for the fields being observed.

method will use these nethods
Destroy an intersection observer.

inline void Setld(INT32 id)
Define the vehiclesid.

i nline void SetLink(NetLinkld Iink)
Definetheid of thelink the vehicle entered from.

i nline void SetLane(NetLaneNunber | ane)
Define the lane number the vehicle entered from.

i nline void Set Node(Net Nodel d node)

Definetheid of the node the intersection is associated with.

inline void SetQ ndex( U NT8 i ndex)
Define the index of the vehicle's position in the queue.

2.2.2.9 TOutLinkEnergyObserver

A link energy observer summarizes vehicle energy data on a link.

Public access:

TQut Li nkEner gyQbser ver (Qut Gbserverld id,
TQut Hi st ogr anspeci ficati on& ec)

Construct alink energy observer.

vi rtual ~TQutLi nkEner gyQbserver ()
Destroy a link energy observer.

i nline void AddVehi cl e( REAL energy)
Add avehicle.

Protected access:

inline bool Islnitialized() const
Return whether the observer has been initialized.

voi d O earDat a( TOut H st ogran& dat a)
Clear the data for the observer.

inline void SetLink(NetLinkld id)
Set thelink id.

i nline void Set Node(Net Nodel d id)
Set the departure node id.

The Cbserve
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voi d Report Cbservati ons( TQut Processor & processor,
TQut Hi st ogr am& dat a)
Report the observations to the specified processor.

TQut H st ogram f Dat a
TQut H stogram fData; ivate

Each observer has a hi stogram specification. st
TQut Hi st ogr antspeci fi cati on* fH st ogranBpec

Each observer has histogram data.

2.2.2.10 TOutLinkEvolutionObserver
A link evolution observer observes evolving data related to links.
Public access:

TQut Li nkEvol uti onCoser ver (Qut Gbserverld id)
Construct a link evolution observer.

vi rtual ~TQutLi nkEvol uti onCoserver ()
Destroy a link evolution observer.

2.2.2.11 TOutLinkSpaceObserver

A link space observer summarizes vehicle spatial data on a link.

Public access:

TQut Li nkSpaceCbser ver (Qut Cbserverld id)
Construct a link space observer.

virtual ~TQutLi nkSpaceCoserver ()
Destroy a link space observer.

Protected access:

t ypedef vector<TQut Tal | y> Dat unCol | ecti on
t ypedef DatunCol | ection::iterator DatuntCollectionlterator
t ypedef DatunCol | ection::const_iterator

Dat unCol | ecti onConst 1t erator

Type definitions.

inline bool Islnitialized() const
Return whether the observer has been initialized.

voi d O ear Dat a( Dat untCol | ecti on &dat a)
Clear the data for the observer.

inline void SetLink(NetLinkld id)
Set thelink id.
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i nline void Set Node(Net Nodel d i d)
Set the departure node id.

voi d SetlLengths(U NT8 | anes, REAL |inkLength, REAL
boxLength, REAL cellLength = 0)

Set the number of lanes and link, box, and cdl lengths.

i nline void AddVehi cl e( Net LaneNunber | ane, REAL di stance,
REAL vel ocity)

Add a vehicle.

voi d Report Cbservati ons( TQut Processor & processor,
Dat unCol | ecti on &dat a)

Report the observations to the specified processor.

Dat untCol | ecti on f Dat a
Each observer has box data.

Private access:

Ul NT8 f LaneCount
Each observer has a lane count.

REAL fLi nkLength
Each observer has a link length.

REAL f BoxLength
Each observer has a box length.

Ret urn whet her the observer has been initialized. ne bool
TQut Li nkSpaceCbserver::Islnitialized() const ne bool
TQut Li nkSpaceCbserver::Islnitialized() const return
I f Dat a. enpt y()

Each observer has a box length.

2.2.2.12 TOutLinkTimeObserver

A link time observer records vehicle trave timeson alink.

Public access:

TQut Li nkTi neCbser ver (Qut Cbserverld id)
Construct a link time observer.

virtual ~TQutLi nkTi meCbserver ()
Destroy alink time observer.

i nline void AddVehi cl e( Net LaneNunber | ane, ENet Tur nLabel
turn, REAL tine)
Add avehicle.
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Protected access:

cl ass TMbvenent { public
A movement consists of an exit lane and a turn.

ThWovenent ( Net LaneNunber | ane = 0, ENet TurnLabel turn =
kStraight) : fLane(lane), fTurn(turn) {

Construct an instance.

Net LaneNunber GetlLane() const { return flLane
Return the exit lane number.

ENet Tur nLabel Get Turn() const { return fTurn
Return the exit turn labd.

bool operator<(const TMovenent & novenent) const { return
fLane < nmovenent.flane || flLane == novenent.flLane &&
f Turn < nmovenent. f Turn

ol code(TBaseStream *Stream) const code(TBaseStream
*Stream const eturn (Stream >Encode((int & flLane) &&
Stream >Encode((int & fTurn))

Compare movements.

Private access:

Net LaneNunber fLane
Each movement has an exit lane number.

ENet Tur nLabel f Turn
}

Each movement has an exit turn labd.

t ypedef map<ThMovenent, TQutTally, |ess<TMovenent> > Dat univap
t ypedef Datumvap::iterator DatumvVaplterator
t ypedef DatumVvap::const _iterator DatuniapConstlterator

Type definitions.

inline bool Islnitialized() const
Return whether the observer has been initialized.

voi d O earDat a( Dat univap &Data, TQut Tal |l y& veh)
Clear the data for the observer.

inline void SetLink(NetLinkld id)
Set thelink id.

i nline void Set Node(Net Nodel d id)
Set the departure node id.
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inline void Set Movenent ( Net LaneNunber | ane, ENet Tur nLabel
turn)

Initialize a possible movement.

voi d Report Cbservati ons(TQut Processor & processor, Datumvap
&Data, QutTally& veh)

Report the observations to the specified processor.

Dat umvap fData
Each observer has movement data

Ret urn whet her the observer has been initialized. ne bool
TQut Li nkTi neCbserver::Islnitialized() const ne bool
TQut Li nkTi neCbserver::Islnitialized() const return
I f Dat a. enpt y()

Each observer has movement data

2.2.2.13 TOutLinkVelocityObserver

A link velocity observer summarizes vehicle velocity data on a link.

Public access:

TQut Li nkVel oci t yCbserver (Qut Cbserverld id, const
TQut Hi st ogr anspeci ficati on& ec)

Construct alink velocity observer.

virtual ~TQutLi nkVel ocityGObserver()
Destroy a link velocity observer.

Protected access:

t ypedef vector <TQut H st ogran> Dat unCol | ecti on
t ypedef DatunCol | ection::iterator DatuntCollectionlterator
t ypedef DatunCol | ection::const_iterator

Dat unCol | ecti onConst 1t erator

Type definitions.

inline bool Islnitialized() const
Return whether the observer has been initialized.

voi d d ear Dat a( Dat untCol | ecti on& dat a)
Clear the data for the observer.

inline void SetLink(NetLinkld id)
Set thelink id.

i nline void Set Node(Net Nodel d id)
Set the departure node id.
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voi d SetLengt hs(REAL |inkLength, REAL boxLength, REAL
cell Length = 0)

Set the link, box, and cdll lengths.

i nline void AddVehi cl e(REAL di stance, REAL vel ocity)
Add avehicle.

voi d Report Cbservati ons( TQut Processor & processor,
Dat unCol | ecti on& dat a)

Report the observations to the specified processor.

Dat untCol | ecti on f Dat a
Each observer has box data.

Private access:

REAL fLi nkLength
Each observer has a link length.

REAL f BoxLength
Each observer has a box length.

Ret urn whet her the observer has been initialized. ne bool
TQut Li nkVel oci tyCbserver::Islnitialized() const ne

bool TQutLi nkVel ocityCbserver::lslinitialized() const
return !fData. enpty()

Each observer has a box length.

2.2.2.14 TOutNodeEvolutionObserver
A node evolution observer observes evolving data related to nodes.
Public access:

TQut NodeEvol uti onCoser ver (Qut Gbserverld id)
Construct a node evolution observer.

vi rtual ~TQut NodeEvol uti onCoserver ()
Destroy a node evolution observer.
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2.2.2.15 TOutObserver

An observer converts data from the object to which it is attached into the generic form understood
by the output subsystem.

Public access:

class TLess : public binary_functi on<TQut Cbserver*,
TQut Cbserver*, bool > { public: bool
operator () (TQut Goserver *const& first, TQut Cbserver
*const & second) { return first->Getld() < second-
>CGet | d()

}}

Return whether theid of the first observer is less than theid of the second one.

t ypedef map<CQut Cbserverld, TCQut Cbserver*,

| ess<CQut Cbserverld> > Map
typedef Map::iterator Maplterator
t ypedef Map::const_iterator MapConstlterator
t ypedef set<TQut Cbserver*, TLess> Set
typedef Set::iterator Setlterator
typedef Set::const_iterator Constlterator

Type definitions

m ECbser ver Type {kNodeEvol uti onCbhserver,
kLi nkEvol uti onCbserver, Vehicl eCbserver,
kl nt er secti onCbser ver,
Si gnal Coor di nat or Evol uti onCbser ver,
kSi gnal i zedCont r ol Gbserver, Travel er Gbserver,
kLi nkDensi t yObserver, kLi nkTi neCbserver,
Li nkVel oci t yObserver, kLi nkEnergyQbserver}

Observer types.

TQut Cbserver (Qut Cbserverld id)
Construct an observer.

virtual ~TQut Coserver()
Destroy an observer.

virtual void Observe(const voi d* object, const
TQut Processor & processor) =0

An observer has an observe function for noting the values of data members of
interest in the observed abject. This virtual function in the basic representation
must be overridden in the view.

inline Qut hserverld Getld() const
Return the observer'sid.
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i nline TQut Record& Cet Record()
i nline const TQut Record& Cet Record() const

Return the associated record.

inline static Qut Cbserverld Get Nextld()
Return the next unused observer id.

Protected access:

inline void SetTi me(REAL tine)
Define therecord's time.

Private access:

TQut Gbserver (const TOut Gbserver &) {} TQut Gbserver (const
TQut Cbserver &) {
TQut Cbserver & oper at or=(const TCQut Cbserver&) {return *this;

Do not alow observers to be copied.

Qut Cbserverld fld
An observer has anid.

TCQut Record fRecord
An observer has an output record.

static Qut Cbserverld fNextld
Keep track of the next observer id.

2.2.2.16 TOutProcessor

An output processor coordinates the processing of domain information into a domain-independent
representation that is filtered and summarized before storage.

Public access:

class TLess : public binary_functi on<TQut Processor*,
TQut Processor*, bool > { public: bool
operator () (TQut Processor *const& first, TQutProcessor
*const & second) { return first->Getld() < second-
>CGet | d()

b}
}

t ypedef map<CQut Processorld, TOQutProcessor*,
| ess<Qut Processorld> > Map
typedef Map::iterator Maplterator
t ypedef Map::const_iterator MapConstlterator
t ypedef set<TQut St orage*, | ess<TQut Storage*> > St orageSet
typedef StorageSet::iterator StorageSetlterator
typedef StorageSet::const_iterator StorageSetConstlterator

Return whether theid of thefirst processor is less than theid of the second one.
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enum EProcessor Type {kEvol uti onProcessor, kEventProcessor,
kSunmar yPr ocessor}

kSunmar yPr ocessor}

TQut Processor (Qut Processorld id, const
TQut Gener al Specificati on& specification)

Processor types.

virtual ~TQut Processor ()
Destroy a processor.

virtual EProcessorType CGet Processor Type() const = 0
Return the processor type.

virtual void RecordQutput(REAL tine, bool IsFinal TimeStep) =0
Begin recording output for thistime.

virtual bool Termn nateQutput (void)
Handle pending messages between of split summary records

virtual void FinishQutput(REAL tine)
Finish recording output for this time.

inline QutProcessorld Getld() const
Return the processor'sid.

static QutProcessorld GetNextld()
Return the next unused processor id.

i nl i ne TQut Gener al Specificati on& Get Gener al Speci fication ()
i nline const TQut General Specification&
Cet Gener al Speci fication() const

Return general specification.

virtual TQutProcessor:: StorageSet GetStorages() = 0
Return the processor's storages.

Private access:

TQut Processor & oper at or=(const TQut Processor&) {return

*t hi s;
Do not alow processors to be copied. TOutProcessor(const TOutProcessor& ) {}
TOutProcessor(const TOutProcessor& ) {} Do not allow processors to be
assigned.

Qut Processorld fld
A processor hasan id.

TQut Gener al Specification fGeneral Specification
A processor has a general output specification.
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static QutProcessorld fNextld
Keep track of next processor id.

Return the processor's id. ne QutProcessorld
TQut Processor:: Getld() const ne QutProcessorld
TQut Processor:: Getld() const return fld

Keep track of next processor id.

2.2.2.17 TOutRecord

This classis used for storing the values of a collection of fields.

Public access:

t ypedef TVal ue:: EType Type
Fied types.

TQut Recor d()

Construct a record.

TQut Recor d(const TQut Recor d& record)
Make a copy of the given record.

TQut Recor d& oper at or =(const TOQut Recor d& record)
Make the record a copy of the given record.

inline void SetField(const string& field, const TVal ue&
val ue)

inline void SetField(const string& field, signed char val ue)

inline void SetField(const string& field, unsigned char
val ue)

inline void SetField(const string& field, short val ue)

inline void SetField(const string& field, unsigned short
val ue)

inline void SetField(const string& field, int val ue)

inline void SetField(const string& field, unsigned int
val ue)

inline void SetField(const string& field, [ong val ue)

inline void SetField(const string& field, unsigned |ong
val ue)

inline void SetField(const string& field, float val ue)

inline void SetField(const string& field, double val ue)

inline void SetField(const string& field, const string&
val ue)

inline void SetField(const string& field)

Set the value of the specified field.

inline void GetField(const string& field, TVal ue& val ue)
const

inline void GetField(const string& field, signed charé&

val ue) const
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inline void GetField(const string& field, unsigned charé&
val ue) const

inline void GetField(const string& field, short& val ue)
const

inline void GetField(const string& field, unsigned shorté&
val ue) const

nline void GetField(const string& field, int& value) const

nline void CGetField(const string& field, unsigned int&
val ue) const

nline void CGetField(const string& field, |ong& val ue) const

nline void GetField(const string& field, unsigned | ong&
val ue) const

inline void GetField(const string& field, float& val ue)

const

inline void GetField(const string& field, doubl e& val ue)
const

inline void GetField(const string& field, string& val ue)
const

Get the value of the specified fidd.

inline Type Get Type(const string& field) const
Return the type of the specified field.

i nline TVal ue:: Map& Cet Fi el ds()
i nline const TVal ue:: Map& Cet Fi el ds() const

Return the fidd map for the record.

i nline TValue:: MapConstlterator CGetFieldlterator() const
Return aniterator for the record's map.

Private access:

TVval ue: : Map fFi el ds
Each record has a field map holding the current values of thefields.

2.2.2.18 TOutSignalCoordinatorEvolutionObserver
A signal coordinator evolution observer observes evolving data related to signal coordinators.
Public access:

TQut Si gnal Coor di nat or Evol uti onCbser ver (Qut Coserverld id)
Construct a signal coordinator evolution observer.

virtual ~TQut Si gnal Coor di nat or Evol uti onCbserver ()
Destroy a signal coordinator evolution observer.
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2.2.2.19 TOutSignalizedControlObserver

A signalized control observer observes data related to signals.

Public access:

TQut Si gnal i zedCont r ol Cbserver (Qut Cbserverld id)
Construct a signalized control observer.

virtual ~TQut Si gnal i zedControl Cbserver ()
Destroy a signalized control observer.

Protected access:

Define values for the fields being observed. The Cbserve
method will use these nethods

Destroy a signalized control observer.

i nline void SetLink(NetLinkld Iink)
Definetheid of the link entering the intersection.

i nline void SetLane(NetLaneNunber | ane)
Define the lane number of the lane entering the intersection.

i nline void Set Node(Net Nodel d node)
Definethe id of the node associated with the intersection.

inline void SetSignal (TNet TrafficControl:: ETrafficControl
control)

Define the current signal state.

2.2.2.20 TOutStorage

An output storage manages the distributed file system and isolates the rest of the simulation output
objects from the details of the physical storage. Member functions throw the exception
TQut St or ageFai | ur e when errors occur.

Public access:

t ypedef FILE* Host Handl e
Type definitions.

static const |ong kBegin
static const |ong kEnd

Constants for seek positions.

enum Mode {kRead, kWite, kDel ete}
Storage modes: Use read mode for opening existing files, write mode for creating
anew file, and delete mode for deleting existing files.
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TQut St or age(const string& root, const string& name, Mde
node = kRead)

TQut St or age(const StringSet& hosts, const string& root,
const string& name, Mdde node = kRead)

Connect the storage with the given root and basic name to the specified hosts.

~TQut St or age()
Disconnect the storage.

bool Fi ni shQut put For Ti me( REAL Ti ne)
Tl storagethat all future outputs will have atime stamp > Time.

inline const string& GetRoot () const
Return the root name.

inline const string& Get Name() const
Return the basic name.

StringSet CGetHosts() const
Return the host names.

Host Handl e Get Host Handl e(const string& host) const
Return the host handle.

inline long GetOfset() const
inline long Get O fset(const string& host) const
| ong Get O f set (Host Handl e host) const

Return the current offset for the specified host file.

i nline bool AtEnd() const
i nline bool AtEnd(const string& host) const
i nl i ne bool AtEnd(HostHandl e host) const

Return whether an end-of-file has occured for the specified host file.

inline void Seek(long position = kBegi n)
inline void Seek(const string& host, |ong position = kBegin)
voi d Seek(Host Handl e host, |ong position = kBegi n)

Position the specified host file to the given location.

inline void Wite(const TQut Record& record)

inline void Wite(const string& host, const TQutRecord&
record)

void Wite(Host Handl e host, const TQut Record& record)

void Wite(int id, const TQut Record& record)

Write the given record on the specified host.

i nline bool Read(TQutRecord& record)
i nline bool Read(const string& host, TQutRecord& record)
bool Read(Host Handl e host, TQut Record& record)

Read the given record on the specified host. Return whether a record was
availablefor reading.
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inline void WiteHeader(const TQut Record& record)
inline void WiteHeader(const string& host, const
TQut Recor d& record)
void WiteHeader (Host Handl e host, const TQut Record& record)
void WiteHeader(int id, const TQut Record& record)

Write the given record header on the specified host.

i nl i ne bool ReadHeader (TQut Record& record)

i nl i ne bool ReadHeader (const string& host, TQutRecord&
record)

bool ReadHeader (Host Handl e host, TOQut Record& record)

Read the given record header on the specified host. Return whether a record was
availablefor reading.

voi d Fl ush()
Flush any pending operations.

inline static const string& GetDefaultHost()
Get the default host name.

inline static void SetDefaultHost(const string& host)
Set the default host name.

inline static void SetParallell Q TParallell O pio)
Define paralld 10 object.

inline void SetParallellOd(int id)
Define paralld 10 identifier.

inline static void SetTi neResol uti on( REAL ti ne)
Define paralld 10 time resolution.

Private access:

t ypedef map<const string, HostHandl e, |ess<const string> >
Fi | eMap

typedef FileMap::iterator Fil eMaplterator

typedef FileMap::const_iterator FileMapConstlterator

Type definitions.

static string fglLocal
Local host name.

static const string fgSuffix
File suffix.

TQut St or age(const TQut Storage&) : fRoot(), fNanme() {
Do not allow storages to be copied.

TQut St or age& oper at or =(const TQut Storage&) {return *this;
Do not allow storages to be assigned.
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const string fRoot
A storage has aroot location.

const string fNanme
A storage has a basic name.

FileMap fFiles
A storage has a file on each host.

static TParallell O fgParallellO
Pointer to object for doing paralld 10.

int fParallellOd
Identifier for paralld 10.

| ong fParall el Count
Count of bytes written to paralld 10.

static U NT32 fgTi neResol ution
Timeresolution for paralld 10. 1/fgTimeResolution is the smallest time value that
can be distinguished in the Datal D sorting field for paralld 10

static string fgFieldDelineter
Field delimeter for paralld 10.

2.2.2.21 TOutSummaryProcessor

An output summary processor collects statistics on the simulation.

Public access:

t ypedef set <TQut SummaryProcessor*, TQut Processor:: TLess> Set
typedef Set::iterator Setlterator
typedef Set::const_iterator SetConstlterator

Type definitions.

TQut Summar yPr ocessor (Qut Processorld id, const
TQut Gener al Specification& specification)

Construct a summary processor.

virtual ~TQut SummaryProcessor ()
Destroy a summary processor.

i nl i ne EProcessor Type Get Processor Type() const
Return processor type.

virtual void RecordQutput(REAL tine, bool IsFinalTineStep)
Begin recording output for this timestep.

virtual void RecordSpace(const TQut Chserver & observer)
Finish recording output for link space.
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virtual void RecordTi ne(const TQut Gbserver & observer)
Finish recording output for link time.

virtual void RecordVel ocity(const TQut Qbserver & observer)
Finish recording output for link velocity.

virtual void RecordEnergy(const TQut Cbserver & observer)
Finish recording output for link energy.

i nline TQut Cbserver:: Set & Get Space(hservers()
i nline const TQut Cbserver:: Set & Get SpaceCbservers() const

Return the space observers.

i nline TQut Cbserver:: Set& Get Ti meCbservers()
i nline const TQut Cbserver:: Set& Get Ti meCbservers() const

Return the time observers.

i nline TQut Cbserver:: Set & Cet Vel oci tyQoservers()
i nline const TQut Cbserver:: Set& CGet Vel oci tyQoservers() const

Return the velocity observers.

i nline TQut Cbserver:: Set & Get Ener gyCbservers()
inline const TQut Cbserver:: Set & Get EnergyCbservers() const

Return the energy observers.

i nline void AddSpaceCbserver ( TQut Cbserver & observer)
Define a space observer.

i nline void AddTi neCoser ver ( TQut Cbserver & observer)
Define atime observer.

inline void AddVel oci t yCbser ver ( TQut Gbser ver & observer)
Define a velocity observer.

i nline void AddEner gyObser ver ( TQut Chser ver & observer)
Define a energy observer.

i nline void RenoveSpaceCbserver ( TQut Gbserver & observer)
Undefine a space observer.

i nline void RenoveTi neCbhserver ( TQut Cbserver & observer)
Undefine a time observer.

inline void RenoveVel oci t yCbserver ( TQut Obser ver & observer)
Undefine a velocity observer.

i nline void RenoveEner gyQbser ver ( TQut Goserver & observer)
Undefine a energy observer.

TQut Processor: : StorageSet Get St orages()
Return the processor's storages.
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Private access:

TQut Cbserver:: Set fSpaceChservers

Do not allow summary processors to be copied. TOutSummaryProcessor(const
TOutSummaryProcessor&) {} TOutSummaryProcessor(const
TOutSummaryProcessor& ) {} Do not allow summary processors to be assigned.
TOutSummaryProcessor& operator=(const TOutSummaryProcessor& ) { return
*this;} *this;} A summary processor has space observers.

TQut Qoserver:: Set fTi meCoservers
A summary processor has time observers;

TQut Cbserver:: Set fVel ocityCbservers
A summary processor has veocity observers;

TQut Cbserver:: Set fEnergyCbservers
A summary processor has energy observers,

TQut St or age f SpaceSt or age
An summary processor is connected to a space storage.

TQut St orage f Ti meSt or age
A summary processor is connected to a time storage.

TQut St or age f Vel oci tySt orage
A summary processor is connected to a velocity storage.

TQut St or age f Ener gySt or age
A summary processor is connected to a energy storage.

TQut Record f SpaceRecor dCache
Cachefor unsuppressed fidds in space output record

TCQut Record f Ti meRecor dCache
Cachefor unsuppressed fidds in time output record

TQut Record f Vel oci t yRecordCache
Cachefor unsuppressed fidds in velocity output record

TQut Record f Ener gyRecor dCache
Cachefor unsuppressed fidds in energy output record
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2.2.2.22 TOutTally

A tally keeps track of the statistics of a floating-point observation.

Public access:

inline TQutTally()
Construct an instance.

inline TQutTally(const TQutTally& tally)
Construct a copy.

inline TQutTall y& operator=(const TQutTally& tally)
Copy an instance.

inline TQutTall y& operator+=(const TQutTally& tally)
Add the values of another instance.

inline void Cear()
Clear the observations.

inline void Add( REAL val ue)
Add an observation.

inline int GetCount() const
Return the number of observations.

i nline REAL Get Sun() const
Return the sum of the observations.

i nl i ne REAL Get Squares() const
Return the sum of the squares of the observations.

Private access:

i nt fCount
Each tally keeps track of the number of observations.

REAL f Sum
Each tally keeps track of the sum of the observations.

REAL f Squar es
Each tally keeps track of the sum of the squares of the observations.
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2.2.2.23 TOutTextWriter

A text writer puts simulation output data into a formatted text file. The exception
TOut WiterFail ure isthrownif an operation fails.

Public access:

TQut Text Witer(const string& file, const string& delimter =
“\t”, bool includeHeader = fal se)

Open the specified file for writing, including the record header if requested.
void Wite(const TQut Record& record)

void Wite(const TQut Record& record, const StringCollection&
fields)

Write the specified record with fields in the given order.

Private access:

of stream f Qut
Each text writer is connected to a file.

string fDelimter
Each text writer has a ddimiter.

bool f1 ncl udeHeader
A text writer may have to include header information.

2.2.2.24 TOutTravelerObserver

A traveer observer observes data related to traveers.

Public access:

enum EAnomal y {kNone, kLost, kNoLi nk, kNoPar ki ng,
kNoVehi cl e, kNoTransit Stop, kNoBoard, kSkipStop,
kNoLaneChange}

Anomaly types.

TQut Tr avel er Cbserver (Qut Cbserverld id)
Construct atraveler observer.

virtual ~TQut Travel er Cbserver ()
Destroy atraveler observer.

Protected access:

Define values for the fields being observed. The Cbserve
nmethod will use these nethods

Destroy atraveler observer.
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inline void Setld(Travelerld id)
Definethetraveer'sid.

inline void SetTrip(Tripld trip)
Definetheid of the trip the traveler is on.

inline void SetlLeg(Legld |eq)
Definetheid of the trip leg the traveler is on.

inline void SetLocation(NetLocationld |oc)
Define the location (link or accessory id) the traveler is on.

inline void SetVehicle(Vehicleld id)
Define the traveler's vehicle id. ISSUE(kpb) type should come from vehicle rep.,
currently in Plan.h

i nline void SetVehicl eType( EVehType type)
Define the traveler's vehicle type. ISSUE(kpb) type should come from vehiclerep.,
currently in NET/Id.h

i nline void SetVehicl eSubt ype( U NT8 type)
Define the traveler's vehicle subtype | SSUE(kpb) type should come from vehicle

rep.
inline void Set Route(Routeld route)
Definetherouteid of atransit trip

inline void SetStops(U NT8 n)
Define the number of stop signs encountered so far on current trip leg.

inline void SetYields(U NT8 n)
Define the number of yield signs encountered so far on current trip leg.

inline void SetSignal s(U NT8 n)
Define the number of signals encountered so far on current trip leg.

i nline void SetTurn(ENet TurnLabel turn)
Define the type of turn made upon exiting the link.

inline void SetStoppedTi ne( REAL ti ne)
Define the amount of time the traveler has spent stopped so far on current trip leg.

inline void SetAccel Ti me( REAL ti ne)
Define the amount of time the traveler has spent accelerating from zero so far on
current trip leg.

inline void SetTotal Ti me(REAL ti ne)
Definethe trave er's total time traveled.
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inline void SetTotal D stance( REAL di st ance)
Definethe traveler's total distance traveled.

inline void SetUser (U NT32 user)
Definethetraveler's user defined fidd.

inline void SetStatus(U NT32 st at us)
Definethe traveler's status.

inline void Set Anomal y(EAnomal y anomal y)
Define any traveler anomalies.

2.2.2.25 TOutValueFilter

A valuefilter tests whether a value meets a specified condition.

Public access:

enum EQper ati on {kEqual = 0, kNotEqual = 1, kLess = 2,
kLessOrEqual = 3, kG eater = 4, kG eaterOEqual =
kMul tipledr = 6, kNotMiultipleOF = 7, klncludedln
kNot I ncludedln = 9, kBitsSet = 10, kBitsCl eared =1

There are several supported operations.

51
= 8'
1}

typedef |ist<TQutVal ueFilter> Collection
typedef Collection::iterator Collectionlterator
typedef Collection::const_iterator CollectionConstlterator

Type definitions.

TQut Val ueFil ter(const string& field, EQperation operation,
const TVal ue& obj ect)

TQut Val ueFil ter(const string& field, const string&
operation, const TVal ue& object)

Construct an instance.

TQut Val ueFil ter(const TQutValueFilter& filter)
Construct a copy of the specified filter.

TQut Val ueFi l ter & operator=(const TQutValueFilter& filter)
Make a copy of the specified filter.

bool Accept(const TVal ue& val ue) const
Return whether the specified value is accepted by thefilter.

i nline bool Accept(const TQutRecord& record) const
Return whether the specified record is accepted by thefilter.

static EQperation Get Qperation(const string& operation)
Return the operation corresponding to the specified string.
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static const string& Get Qperati on(EQperation operation)
Return the string corresponding to the specified operation.

Private access:

static void Initialize()
Initialize the operation strings.

static string fQperations[12]
There are strings corresponding to each operation.

string fField
Each filter is applied to afield.

EQperation fOperation
Each filter applies an operation.

TVal ue f oj ect
Each filter has an object of comparison.

2.2.2.26 TOutVehicleObserver

A vehicle observer observes data related to vehicles.

Public access:

TQut Vehi cl eCoser ver (Qut Goserverld id)
Construct a vehicle observer.

vi rtual ~TQut Vehi cl eCoserver ()
Destroy a vehicle observer.

Protected access:

Define values for the fields being observed. The Cbserve
nmethod will use these nethods

Destroy a vehicle observer.

inline void Setld(Vehicleld id)
Define the vehicles id. ISSUE(kpb) type should come from vehiclerep., currently
in Plan.h

i nline void SetLink(NetLinkld Iink)
Definetheid of thelink the vehicleis on.

i nline void SetLane(NetLaneNunber | ane)
Define the lane number the vehicleis on.

inline void SetDi stance(REAL di stance)
Define the vehicle's distance from a node.
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i nline void Set Node(Net Nodel d node)
Define the id of the node the distance is measured from.

inline void SetVel ocity(REAL vel ocity)
Define the vehicle's velocity.

inline void SetAccel erati on(REAL accel erati on)
Define the vehicle's accderation.

i nline void SetVehicl eType( EVehType type)
Define the vehicle's type. ISSUE(kpb) type should come from vehiclerep.,
currently in NET/Id.h

inline void SetDriver(Travelerld id)
Define the vehicles driver.

i nline void SetPassengers(U NI32 count)
Define the number of passengersin the vehicle.

inline void SetEasting(REAL easti ng)
Define the vehicle's easting field.

i nline void SetNorthing(REAL nort hi ng)
Define the vehicle's northing fidd.

inline void SetEl evati on( REAL el evati on)
Define the vehicle's devation field.

inline void SetAzi nut h(REAL azi mut h)
Define the vehicle's orientation angle (degrees from east in counterclockwise
direction).

inline void SetUser (U NT32 user)
Define the vehicle's user defined fidd.

2.2.2.27 TOutWriter

An output writer provides an interface for the external writing of data from simulation output. The
exception TQut Wi t er Fai | ur e isthrown if an operation fails.

Public access:

virtual void Wite(const TQut Record& record) = 0
virtual void Wite(const TQut Record& record, const
StringCollection& fields) = 0

Write the specified record.
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Protected access:

TQutWiter() {
i vate

Construct a writer.

TQutWiter(const TQutWiter& {
Do not alow writers to be copied.

2.2.2.28 TOutException

An output exception signals the failure of a simulation output subsystem function. Each exception
has a message. Figure 16 shows the hierarchy of exception classes.

TOutException

N\

TOutStorageFailure TOutWriterFailure TOutInvalidProcessor

Figure 16: Exception hierarchy for the TRANSIM S simulation output subsystem (unified
notation).

TQut Excepti on(const string& nessage = “Sinul ation output error.”)
Construct an exception with the specified message text.

TQut Excepti on(const TQut Excepti on& excepti on)
Construct a copy of the specified exception.

TQut Excepti on& oper at or =(const TOQut Excepti on& excepti on)
Make the exception a copy of the specified exception.

const string& Get Message() const
Return the message text for the exception.

cl ass TQut St or ageFai l ure
This exception is thrown when a storage operation fails.

class TQutWiterFailure
This exception is thrown when a writer operation fails.

class TCQutl nval i dProcessor
This exception is thrown when the processor typeisinvalid.
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2.3 Implementation

2.3.1 C++ Libraries

The Booch Components [RW 94] provide C++ container classes that the simulation output

subsystem uses extensively. The DBtools.h++ [SL 95; Su 95] and Tools.h++ [Ke 94] libraries
provide platform-independent data type and file system support, respectively. The subsystem also
uses the standard C++ library [Pl 95], the standard C library [Pl 92], and the POSIX library [Ga

95]. All of theselibraries compile on a wide variety of platforms (UNIX and otherwise).

2.3.2 File System

Although the simulation output subsystem runs on multiple computational nodes (CPNSs), it stores
output data locally (Figure 17) and thus does not require any communication between the CPNs.
A unified view of the data is provided during data retrieval by accessing and collating the data on

multiple remote disks (Figure 18).
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Figure17: Simulation output subsystem configuration for the smultaneous data collection on
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Figure 18: Simulation output subsystem configuration for dataretrieval from multiple disks.
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The local-storage/remote-retrieval paradigm requires coordination between the microsimulation
software and the postprocessing software. The simplest way to accomplish this is to have each
CPN store data locally into a directory named “local” on each CPN—this will, of course, bea
different physical disk for each CPN. Each of these local directoriesis given a different NFS
(network file system) name (typically the name of the CPN) so that it can be accessed remotdly.
Figure 19 illustrates this scheme. Several other workable arrangements are possible, however.

‘% Jtransims/data/local

CPN #1

Disk #1

remote (NFS-

local names
mounted) names

remote workstation
used for retrieval

Disk #2

= | /transims/data/local

Figure19: Typical naming and NFS mounting scheme for smulation output directories.

2.4 Integration into the Microsimulation

The simulation output subsystem must be integrated into the microsimulation by subclassing the
appropriate processor (TQut ..Pr ocessor ) and observer (TQut ..Obser ver ) classes and by
providing a subclass of TQut Fact or y for creating instances of these subclasses. This
mechanism allows aflexible, yet tight, coupling between the two subsystems without requiring the
simulation output subsystem to betailored to the specifics of the microsimulation. Figure 20
illustrates an example of how this subclassing can be implemented.

TCAOutFactory ‘ TS\mmallonS\ave‘ ‘ TCAEvolution Processor‘ ‘ TCALinkEvolutionObserver ] TTransimsEdge
I 1 I 1 I f

L I L I L I 1 n
1

’_KL‘ ! Vi Vi
tg‘ T TOuDispatcher | TOutEvolution Processor | TOutLink EvolutionObserver

TOutProcessor

TOutObserver
e —

Figure 20: Example of subclassing simulation output classes in a simulation (unified
notation).
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2.5 Usage

2.5.1 Example of Retrieval Using C++

The following example shows how to access and retrieve evolution data using C++ calls to the
simulation output subsystem.

/1  Create a character buffer for lines fromstandard input.
char |ine[1000];

/1 Get the file name for the vehicle text output file.
cin.getline(line, 1000);
TQutWiter* vehicleWiter = new TQut Text Witer(line, “\t”, TRUE)

/1 Get the file name for the output text files.

cin.getline(line, 1000);

TQutWiter* intersectionWiter = new TQut TextWiter(line, “\t”,
TRUE) ;

cin.getline(line, 1000);

TQutWiter* signal Witer = new TQut TextWiter(line, “\t”, TRUE)

TDbDi rectory directory(TDbDi rectoryDescription(“10C1"));

/1 Open the data sources.
TDbSour ce gener al Sour ce(directory,
di rectory. Get Source("“Qut put Specification”));
TDbSour ce nodeSour ce(directory,
directory. Get Sour ce(“Qut put Node Specification”));
TDbSour ce | i nkSource(directory,
directory. Get Source(“Qut put Link Specification”));

/1l Get the data table names and open the data tables.
cin.getline(line, 1000);
TDbTabl e gener al Tabl e( gener al Sour ce,
gener al Sour ce. Get Tabl e(line));
cin.getline(line, 1000);
TDbTabl e nodeTabl e( nodeSour ce, nodeSour ce. Get Tabl e(line));
cin.getline(line, 1000);
TDbTabl e |'i nkTabl e(li nkSource, |inkSource. Get Tabl e(line));

/1  Create the specification

TQut Gener al Speci fi cati onReader
r eader ( TQut Speci fi cati onReader (gener al Tabl e,
nodeTabl e, |inkTable));

reader. Reset () ;

/[l Cet the set of hosts.

TQut St or age: : Host Set  host s( HashVal ue) ;

for (cin.getline(line, 1000); !cin.eof (); cin.getline(line, 1000))
hosts. Add(1i ne);

/[l Create the retriever
TQut Evol uti onRetriever retriever(hosts,
TQut Gener al Speci fi cation(reader));

/1 Retrieve the data
retriever.Retrieve(*vehicleWiter, *intersectionWiter,
*signal Witer, hosts.Extent() > 1);
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/1

Destroy the witers.

del ete vehicleWiter;
delete intersectionWiter;
del ete signal Witer;

2.6 Future Work

Future work planned for the TRANSIM S simulation output subsystem will focus on several aress:
collecting new types of data such as turn counts, fundamental diagrams, and vel ocity-
accderation histograms,
enhancing the performance of the subsystem by supporting data compression, indexing,
sorting, and filtering,
improving the DumpStorage utility to provide more flexibility in exporting data, and
eliminating the dependence on commercial products such as DBtools.h++ and Tools.h++.
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3. PARALLEL TOOLBOX

3.1 Configuration Group MPI

#defi ne Configuration Goup MI
The configuration group [MPI] understands the following names:

SPIN=N — Activate (N=1) or deactivate (N=0) spinning while waiting for messages. When
spinning is active, the processes waiting for messages will not slegp in system interrupts (using
MPI _Probe) but call MPI _I pr obe repeatedly until a message arrives.

MaxBuffer=N — Use N message buffers. This is the maximum number of active messages
that can be handled simultaneously.

Buffer Size=N — Set size of each buffer to N bytes.

SendBuffer Size=N — Set send buffer sizeto N bytes. The buffer is used for all messages
when SendBuf f er Si ze>0. Messages will be sent using MPI _BSend instead of MPI _Send.

ImmediateSend=N — Activate (N=1) or deactivate (N=0) immediate sending of messages.
Messages will be sent using MPl _I send instead of MPI _Send.

3.2 Configuration Group PVM

#defi ne Configuration Goup PVM
The configuration group [PVM] understands the following names:

RoutingM ode=N — Set the PVM routing mode to the specified value. See pvm3.h for values.
Warning: this value should not be set unlessit is clear that modes other than the default
PvmAl | owDi rect work.

Hogtfilename=" filename’ — Use hostfilef i | enane.

Encoding=N — Set encoding mode. Choose “0” for default encoding and “1” for raw
encoding. When raw encoding is chosen, there is no way to communicate between
architectures that have different representations of base types.

DebugSlaves=N — If active, (N=1) starts the slaves in debug mode using a terminal and a dbx
(or gdb) process.

3.3 Configuration Group Parallel
#defi ne Configuration Goup Parall el
The configuration group [Paralle] understands the following names:

BroadcastConfig — Triggers broadcast of complete configuration to all slaves during
TParall el :: Activate.
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3.4 TEncodingMode

(ID, Bit, Mask) enum TEncodi nghbde

Coding modes.

3.4.1 EncodingRaw
Do not perform any coding or decoding. This should be the fastest way to encode messages.

However, message will not be able to be sent between architectures having different representations
of basetypes.

3.4.2 EncodingXDR

Code values using XDR. This allows communication between architectures with different
representations of base types.

3.5 TTopology Type
enum TTopol ogyType
Typology types.

3.5.1 SimpleTopology

Topology of the TTopol ogy base class. Not really used since the default topology assumed is the
BusTopol ogy.

3.5.2 BusTopology

Bustopology. Only alinear ranking is provided.

3.6 TCPNID

typedef 1ong TCPN D

Typefor storinga CPN ID. Each process will have a unique CPN ID.

3.7 THostID

typedef | ong THost1D

Typefor storingahost ID. All processes running on the same host will have the same host ID.

3.8 TMessagelD

typedef |1 ong TMessagel D

Typefor storing amessage ID. Unique ID (on each CPN) generated for each outgoing message.
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3.9 TMessageTag

typedef | ong TMessageTag

Typefor storing a messagetag. Thisis usually a bit-coded value with a single bit set designating
the class by which the message should be received.

3.10 TMessageType

typedef | ong TMessageType

Typefor storing a messagetype. User-defined value that can be used to select a subset of
messages.

3.11 TMessageFlags

typedef | ong TMessageFl ags

Typefor storing message flags. These flags define how flags are handled by TConmuni cat i on.

3.12 TArchCode

t ypedef | ong TArchCode

Typefor storing the architecture code of a computer system. Architectures that are binary-
compatible, that is, they can exchange binary data without conversion, will have the same code.

3.13 NULL_EVENT_ID

#define NULL_EVENT | D

Predefined event 1D that is used to mark the last event of a message.

3.14 MSG_FLAG_EVENT

#defi ne MSG_FLAG EVENT

Message flag: the message contains a series of events (default).

3.15 MSG_FLAG _AUTO

#defi ne MSG_FLAG AUTO

M essage flag: the methods Begi nSend and EndSend are called automatically for an outgoing
message (default).
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3.16 MSG_FLAG_DELETE

#defi ne MSG_FLAG DELETE

Message flag: the messageis deleted automatically after it has been committed (delete).

3.17 TBaseMessage

cl ass TBaseMessage : public TBaseStream public TDLNodePrimtive

Base class to all message classes.

3.17.1 TBaseMessage
TBaseMessage (TConmuni cationControl *theControl, TCPN D t heSender)

Default constructor for an incoming message. Note: this constructor should never be called
directly because the class TCommuni cat i on handles al incoming messages. Use the method
TCommuni cat i on: : Get NewMessage to create a new message instance.

3.17.2 TBaseMessage

TBaseMessage (TConmuni cationControl *theControl, TMessagel D t hel D,
TCPNI D t heSender, TDestination *theDestination, TMessageTab theTag,
TMessageType theType, TMessageFl ags t heFl ags)

Default constructor for an outgoing message. Note: this constructor should never be called directly
because the class TCommuni cat i on handles al outgoing messages.

3.17.3 Flush

virtual bool Flush (void)

Discard all remaining data in an incoming message. |If this method is not called for messages that
are completely decoded, there will be a warning when the message is destroyed.

3.17.4 EventPending

virtual bool EventPending (TEventl D &anEvent| D)

Decode an event ID from the message. If there are no event IDs |eft, this method sets anEvent | D
to NULL_EVENT- 1 D.

Return Value TRUE, if successful; FALSE, otherwise.

3.17.5 GetTag

i nline TMessageTag CGet Tag (void) const

Returns the tag of the message. This value was given in TConmuni cat i on: : Get NewMessage.

TRANSIMS-LANL-1.0 — Software/Libraries—May 1999 Page 126
LA-UR — 99-2578



3.17.6 GetType

i nl i ne TMessageType GCet Type (void) const

Returns the type of the message. This value was given in TConmuni cat i on: : Get NewMessage.

3.17.7 BeginReceive

virtual bool Begi nReceive (void)

Decode the header of an incoming message. This method decodes the members| D, Tag, Type,
Fl ags. It may be overwritten by descendent classes, which may require additional information to
be decoded. It should be called at the very beginning of the overwritten method.

Return Value TRUE, if successful; FAL SE, otherwise.

3.17.8 BeginSend

virtual bool Begi nSend (void)

Encode the header of an outgoing message. This method encodes the members| D, Tag, Type,
Fl ags. It may be overwritten by descendent classes, which may require additional information to
be encoded. It should be called at the very beginning of the overwritten method.

Return Value TRUE, if successful; FALSE, otherwise.

3.17.9 GetClassName

virtual TString Getd assName (void) const

Returns the logical class name. Should be overwritten by descendent class.

3.17.10 Deselect

virtual bool Desel ect (void)

Temporarily deactivate a message. PVM has problems handling multiple message buffers without
explicitly switching between them. Desel ect should be called whenever another messageis
received or sent while still processing an old one. Use Sel ect to activate a message again. This
is done automatically for event messages before the Handl eEvent method is called for each
event.

3.17.11 EndReceive

virtual bool EndReceive (void)

Clean up after receiving a message. May be overwritten by descendent class.

3.18 TBusTopology

cl ass TBusTopol ogy : public TTopol ogy
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Topology class representing clusters coupled by a fixed bandwidth bus.

3.19 TCPNInfo

class TCPNInfo : public TBaseObject, public TDLNodePrimtive

Information about one CPN.

3.19.1 ID
TCPNID 1D

Unique ID of CPN in paralld topology. For MPI, thisis a number of O through the number of
CPNs minusone. For PVM, itistheID returned by the PVM daemon.

3.20 TCommunication

(MSG_FLAG EVENT — MSG FLAG AUTO — MSG FLAG DELETE) cl ass TCommuni cation
publ i c TBaseObj ect

Class handling messages. All messages are sent and received through using this class.

3.20.1 Activate

bool Activate (void)
Activate the communication class. This method must be called before a message can be sent.
Return Values: TRUE, if successful.

3.20.2 ActivateTags

void ActivateTags (TMessageTag Acti vat eMask)

Activates a subset of messagetags. Only messages containing tags that have been activated
through this method will be processed.

Parameters: ActivateM ask — bit mask of tags to be activated.

3.20.3 CheckCapabilities

bool CheckCapabilities (long RequiredCapabilities) const
Check capabilities of communication subsystem.
Return Value: TRUE, if all required capabilities are available.

Parameters: Requi r edCapabi | i ti es — bit mask of required capabilities. The masks are defined
infile ParalldTypes.h.
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3.20.4 Commit

bool Commit (TBaseMessage *&aMessage)

Finish encoding and send a message. Sends a message that had been created using the
Get NewMessage method.

Return Value: TRUE, if successful.

3.20.5 DeactivateTags
voi d DeactivateTags (TMessageTag Deacti vat eMask)

Deactivates a subset of message tags. Only messages containing tags that have been activated
through this method will be processed.

Parameters: Deact i vat eMask — bit mask of tags to be deactivated.

3.20.6 DestroyMessage
bool DestroyMessage (TBaseMessage *&aMessage) const

Dispose of a message that was received through Recei veMessage. Besureto call this method
aways. Otherwise, some message buffers may never be deallocated! Note: Messages that are
handled by a call to MessageLoop or similar methods need not be destroyed by this method!

3.20.7 GetNewMessage

bool Get NewMessage (TBaseMessage *&aMessage, TDestination

t heDesti nati on, TMessageTag theTag, TMessageType theType, TMessageFl ags
t heFl ags = M5SG_FLAG DEFAULT)

Creates and returns a new outgoing message.

Return Value: TRUE, if successful.

Parameters: aMessage — reference to pointer that will hold the message. This message will have
to be sent using the Commit method.

t heTag — sdects a specific object on the receiving side that will receive the message.
t heType — can be used on the receiving side to select messages of this type.

t heFl ags — a bit-coded integer that will define how the message is handled by
TCommunication.
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3.20.8 MessagelLoop
bool MessagelLoop (TMessageSel ector &Sel ector, bool Bl ock = TRUE)

Wait for incoming messages. This method will wait for incoming messages and pass them to the
registered message recipients.

Return Value: TRUE, if successful.
Parameters:  Sel ect or — can be used to select a subset of messages to be recaived.

Bl ock — if TRUE, return only if message has been recaived.

3.20.9 ReceiveMessage

bool Recei veMessage (TBaseMessage *&Message, TDestination theSender,
TMessageTag t heTag, TMessageType theType)

Receive a message explicitly. This method waits for a message matching the given specifications.
Note that all other (non-matching) messages will be queued, which may result in an overflow. If
this happens, you may want to change the setting of [PVM].MaxBuffer.

3.20.10 RegisterRecipient

bool Regi sterReci pi ent (TMessageTag t heTagMask, TMessageReci pi ent
*t heReci pi ent)

Register a class instance that will receive messages. Each class instance that will receive messages
has to be registered using this method.

Parameters: t heTagMask — bit mask defining which message tags should be passed to this class.

t heReci pi ent — pointer to the class instance that will receive the message.

3.20.11 SendEvent

bool SendEvent (TEventlD Event|D, TDestination Destination, TMessageTag
Tag, TMessageType Type, TMessageFl ags Fl ags = M5SG _FLAG DEFAULT)

Shortcut to send a message consisting of a single event. Thereis no additional data enclosed.

3.21 TCommunicationControl

cl ass TComuni cati onControl : public TBase(bj ect

Base class for the low-level communication drivers. Most of its methods are virtual hooks for its
dependent classes. None of its methods should be called directly. Use the equivalent methods of
TComuni cat i on instead.
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3.21.1 Activate

virtual bool Activate (void)

Activate the low-level communication protocol. Must be overloaded.

3.21.2 GetCapabilities

virtual long GetCapabilities (void) const

Return a bit-coded integer of the capabilities of the low-leve driver. Must be overloaded.

3.21.3 GetNewMessage

virtual TBaseMessage* GCet NewMessage (TMessagel D thel D, TCPNI D t heSender,
TDestination *theDestination, TMessageTag theTag, TMessageType theType,
TMessageFl ags t heFl ags)

Return a new instance of the message class of the low-leve driver for sending. Must be
overloaded. The message class must be derived from TBaseMessage. Incaseof an error, the
value 0 must be returned.

3.21.4 ReceiveMessage
virtual bool ReceiveMessage (TBaseMessage *&t heMessage, |ong Ti meQut)

Receive a message and return a pointer to a message classint heMessage. If no messageis
available, this method will block until a messageis received. If Ti meQut >0, the low-levd driver
will try to return after as many milliseconds, even if no message is available.

3.22 DEST ALL

#defi ne DEST_ALL (-3)

Predefined destination: send to all CPNs (including sender)

3.23 DEST_ALL_BUT_MYSELF
#define DEST_ALL_BUT_MYSELF (-4)

Predefined destination: send to all CPNs (excluding sender)
3.24 TDestination

class TDestination : public TBase(oj ect

Cl ass defining the recipients of an outgoi ng nmessage.
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3.24.1 TDestination

TDestination (TCPNI D t heReci pi ent)
Create a destination with a single recipient.

Parameters: t heReci pi ent — can beany valid TCPNID found in a TCPNI nf o or one of the
predefined destination values.

3.25 TEventHandlerPrimitive

class TEventHandl erPrimtive : public TBaseObj ect

Class for optimized event handling (without * case statement’).

3.26 THostInfo

class THostInfo : public TBaseObject, public TDLNodePrimtive

Class containing information about a host.

3.26.1 ArchCode

| ong ArchCode

Code identifying the binary data coding. If the ArchCodes of two hosts are equal, they can
exchange binary data without having to convert.

3.26.2 Performance
doubl e Perfornance

Integer defining the performance of the host. Larger values designate better performance.

3.27 TMPIBuffer

class TWPIBuffer : public TBase(hject, publicTDLNodePrimtive

Class holding the buffer for one MPI message.

3.28 TMPIMessage

cl ass TPl Message : public TBaseMessage

Contains the MPI interface for a message.
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3.29 TMPIMessageControl

cl ass TMPI MessageControl : public TConmuni cati onContr ol

Class providing the low-level functionality of MPI for sendi nf o and receiving messages.

3.30 TMPIParallelControl

class TPl Parall el Control : public TParall el Control

Class providing the low-level functionality of MPI for application control.

3.31 TMessageRecipient

cl ass TMessageReci pi ent

Base class for classes that areto receive messages.

3.31.1 HandleEvent

virtual bool Handl eEvent (TEvent|D theEvent| D, TBaseMessage *t heMessage,
i nt &Handl ed)

Stub to handle an event encoded in the message. Each event found in a message received by
TCommuni cat i on is passed to this method, if the message tags match those used when registering
this recipient.

Return Value: TRUE, if successful.
Parameters: t heEvent | D— event ID of the current event that is to be decoded from the message.
aMessage — reference to an incoming message.

Handl ed — must be set to FALSE if an error has occurred while processing the
message; TRUE if the processing was successful; or EXIT_LOORP if the processing
was successful and the calling message loop is to be exited.

3.32 TMessageSelector

(-2) class TMessageSel ect or

Class defining a subset of messages to be received
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3.32.1 TMessageSelector

i nline TMessageSel ector (TCPNI D Sender = SOURCE _ALL, TMessageType
First Type = MIYPE_ALL, TMessageType SecondType — MI'YPE_NONE)

Constructor.
Parameters: Sender — if given, restricts the message to that CPN.
Fi r st Type — if given, restricts the messages to that type.

SecondType — if given, restricts the messages to those of the first type or the
second type.

3.32.2 IsMessageActive

i nline bool IsMessageActive (TBaseMessage *Msg) const
Check if message fulfills current sdector requirements.

Parameters: TRUE — if it does.

3.32.3 SetActiveTagMask

inline void SetActiveTaghMask (TMessageTag theTagMask)
Restrict messages to a certain tag mask.

Parameters: t heTagMask — tags to be accepted.

3.32.4 SetMaxNrOfNonPendingMessages

inline void Set MaxNr O NonPendi ngMessages (int MaxNr Of Messages)

Receive, at most, a certain number of pending messages. Pending messages are those that were
gueued before a receiving method (e.g., TCommuni cat i on: : MessagelLoop ) was called.

3.33 TPVMMessage

cl ass TPVMvessage : public TBaseMessage

Contains the PVM interface for a message.

3.34 TPVMMessageControl

cl ass TPVMvessageControl : public TConmuni cati onContr ol

Class providing the low-level functionality of PVM for sending and receiving messages.
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3.35 TPVMParallelControl

cl ass TPVMParal l el Control : public TParall el Control

Class providing the low-level functionality of PVM for application control.

3.36 TParallel

class TParallel : public TBaseObject, pubic TMessageReci pi ent

High-leve paralld control class.

3.36.1 AddAIICPN

bool AddAl | CPN (voi d)

Add all available CPNs on all hosts to the paralld topology.
Return Value: TRUE, if successful.

3.36.2 AddCPN

bool AddCPN (THostInfo *aHostlnfo, int NrOInstances)
Add NrOflnstances CPNs of a specific host to the parallel topology.
Return Value: TRUE, if successful.

3.36.3 AddHostInfo

bool AddHostInfo (THostlnfo *Hostl nfo)

Add information about a specific host. Note: all host information should be supplied before the
first call to either AddAl | CPN or AddCPN since otherwise, default values will be used for the hosts.

Return Value: TRUE, if successful.

3.36.4 AddMaxCPN

bool AddMaxCPN ( THost I nfo *aHost | nf o)
Add all CPNs of a specific host to the paralld topology.
Return Value: TRUE, if successful.
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3.36.5 AddSomeCPN

bool AddSomeCPN (int N O I nstances)

Add a certain number of CPNs to the paralle topology using the hosts, one after another.
Return Value: TRUE, if successful.

3.36.6 Activate
bool Activate (void)
Prepare the activation of the paralld environment.

Return Value: TRUE, if successful.

3.36.7 GetUniquelD
inline long GetUniquelD (long O herlD)

Return a unique systemwise wide ID giving the locally unique ID & her | D. O her | D may use
only its 19 lower-significant bits.

3.37 TParallelControl

class TParallel Control : public TBase(bject, public TMessageReci pi ent

Low-level paralld control class.

3.38 Configuration Group ParallelDemo

#defi ne Configuration Goup Parall el Deno
The Paralld Demo handles the following configuration items:
RandomValues = N — sets the number of random values used in part 4.

ShowValues — will print al values on each CPN and their sums on the master.

3.39 TParallelDemo

class TParall el Demo : public TBaseObject, public TMessageReci pi ent

Main class of the ParalldDemo. The Paralld Demo is meant as a small test program for the new
release of the Paralld Toolbox. It does the following:

1) Allocate as many CPNs as possible.
2) Thefirst CPN serves as master (and a slave); all others as dlaves.

3) Themaster sends out a broadcast message that is acknowledged by all slaves (part 1)
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4) The master sends out a message in a clockwise loop through al CPNs until it ends up on the
master again. The master sends out a message in an anti-clockwise loop through all CPNs
until it ends up on the master again (part 2).

5) If the demo detects a two-dimensional grid as underlying communication topology, the master
sends out a broadcast to all row masters (all CPNs that have the same row index as the
master). Therow masters forward the broadcast to all CPNs in their column, which return an
acknowledgment. The row masters collect the acknowledgments and send an acknowledgment
to the master.

3.39.1 TParallelDemo

TParal | el Demo (int argc, char *argv[])

Constructor. Creates instances of classes TEnvi r onment , TConmuni cat i on, and TPar al | el .

3.39.2 ~TParallelDemo

virtual ~TParall el Deno (void)

Destructor. Destroy instances of classes TEnvi r onnent , TConmuni cati on, and TPar al | el .

3.39.3 Run
int Run (void)
Main method of the class (called by main() ). This method does the following:

1) Activatethelocal instances of TEnvi ronment, TCommuni ation, and TParal | el . This
triggers alot of technical stuff. Among the moreinteresting things: the standard configuration
file USER/ appl i cati on/ Par al | el Deno/ Confi g isevaluated.

2) Register thelocal TPar al | el Denp instance as recipient of events. We use eight events to
control communication between the CPNs. As soon as an event is received by
TCommuni cat i on, it is passed to the Handl eEvent method.

3) Master only: Try to allocate as many CPNSs as possible on the given host set. Output some
information about hosts and CPNs.

4) Start paralld machine.

5) Retrieve information about the physical topology of the underlying communication network. It
defaults to a simple bus topology but can be switched to a two-dimensional grid topology using
configuration settings.

6) Output more information about our location in the physical topology and about who our
neighbors are.

7) Master only: Call control method RunMast er , which executes the three parts of the demo.

8) Shut down the paralle machine.
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3.39.4 TParallelDemo::HandleAnswer

bool TPar al | el Denp: : Handl eAnswer ( TBaseMessage* Message, int &Handl ed)

Count acknowledgments from slaves. ‘HandleAnswer’ is only called for the master. Each timeit
is called, it decreases the number of missing acknowledgments by one.

3.39.5 TParallelDemo::HandleAnswerIlnCols

bool TPar al | el Deno: : Handl eAnswer I nCol s (TBaseMessage *, int &Handl ed)

Count each acknowledgment from slaves. ‘HandleAnswer’ is only called for the master. Each
timeit is called, it decreases the number of missing acknowledgments by one.

3.40 TProfileEvent

enum TProfi | eEvent

Predefined event types available.

3.41 TProfile

class TProfile

Class providing the interface to the MPI profiling library.

3.42 TRomioBufferinfo

cl ass TRom oBufferlnfo

Class providing the interface to the MPI ROMIO 1/O subsystem.

3.43 TOPOLOGY_MY_RANK

#defi ne TOPOLOGY_MY_RANK (- OxFFFF)

Predefined rank that evaluates to the rank of the CPN whereit is used.

3.44 TTopology

cl ass TTopol ogy : public TBaseObj ect

Base class for all topology classes. It defines atrivial rank of O to the number of CPNs minus 1 by
sorting the CPN ID. The master process usually has rank 0. A wrap-around is assumed for the
ranks. So, -1 is equivalent to MaxRank+1 and vice versa.
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3.44.1 GetNext

const TCPN nfo* GetNext (const TCPNI nfo *aCPNInfo = 0) const

Return the info for CPN, which has a rank by one higher than aCPNI nf o. If O is passed, the local
CPN is assumed as reference.

3.44.2 GetPrev

const TCPNI nfo* GetPrev (const TCPNI nfo *aCPNInfo = 0) const

Return the info for CPN which has a rank by one lower than aCPNI nf o. If O is passed, the local
CPN is assumed as reference.

3.44.3 GetRank

virtual int GetRank (const TCPNI nfo *aCPNInfo = 0) const

Get rank of CPN. If Ois passed, thelocal CPN is assumed as reference.

3.44.4 GetType

virtual TTopol ogyType Cet Type (void) const

Return the type of the topology. There are several child classes for topology. Use this typeto cast
the topology pointer to the correct class.

3.44.5 TUnixFile

class TUnixFile : public TParallelFile

Provides the interface to a standard POSI X unix file.
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